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PREFACE. 

The following Compilation is submitted to the 
Mechanics of Glasgow, by one of their number, 
who hopes it will be found a simple and easy In- 
troduction to the knowledge of Calculations con- 
nected with Mechanics. 

Most of the Rules and Tables have been selected 
from the latest eminent Publications on these sub- 
jects, and information procured from every possible 
scarce, with a view of rendering this Work useful 
for practical purposes. 

The want of a Text Book for Operative Me- 
chanics has been long felt. — The great inconvenience 
arising from this, was the cause of the Compiler 
collecting the following Rules for his own personal 
use: — and having, with several other Mechanics, 
experienced the great advantage derived from these 
Memoranda, is induced to submit them to the 
Public, trusting they will be found to contain much 
vdiil information. 



Glasgow, | 
FeHMuy, 1824. S 
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It is a source of much gratification to an author, 
Co know that his work has accomplished the end 
ftnr which it was intended. This pleasure has been 
experienced by the Compiler of the following little 
Work. In consequence of the favourable recep- 
tion it has received, he has been induced to give 
it a careful revisal; and from the alterations and 
additions that have been made, he trusts it will 
how be found still more useful to the operative 
mechanic. 
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-{- Signifies Addition, as 5 -f- 3 is 8. 

— -r Subtraction, as 5 — 3 is 2. 

X ' Multiplication, as 5 X 3 is 15. 

«a- ' Division, as 15 -t- 3 is 5, or y is 5, 

: :: • ■ Proportion, as 2 is to 3, as 4 is to 6. 

= Equality, as 5 + 3 = 8. 

^ ■ Square Root, \/9 = 3. 

V" ■ Cube Root, as ^27 = 3. 



3^ Signifies that 3 is to be squared as 3^ zr 9. 

S» 3 is to be cubed as 3' = 27. 

The Bar signifies that 2 numbers are to be taken toge< 
ther, as 3 X 6 + 3 = 24. 
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2. A Rectangle. 

3. A Rhombus. 

:, 4. A Rboijf^boid. , 

5. A Trapezoid. 

6. A Trapezium. 

7. An Irregufar Polygon. 

8. A Circle, a'e the radiui^^ a e b ihe diameter^ 
" A c fi D the circuntferenceC ' 

9. An Arc of a Circle, a c b. 

10. A Sector of a Circle, a c b. 

11. A Segment of a Circle, a b c d. 

1 2. An Ellipsis or Oval, a b tJie long diameter, 

'b i> th^ short diameter. 
13* A Parabola a b c the base, b st the peppen- 
. dicular ^eight^. 

14. A Prism, a b c the perimeter; or the circum- 

ferenoe of the end of a cylinder^ is the per- 
imetei{ of that cylinder. 

15. A Cylinder. 

16. A Pyramid, a b c d the base; ABCDab cd 

the frustum. 

17. A Cone. 

18. A Sphere, a b c d the circumference, a b c 

a segment. 
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A — Lever of the first order. 

B — Lever of the second order* 

C5 — Lever of the third order, 

D — Bended Lever: the eflFective power and weight 
on a bended lever, istis the distance between 
the points of action and the fulcrum, ss a b c 
b. The distance being taken at right angles 
to the direction of the fences. 

Fig. 1. A Diagram, explanatory of the Wheel and 
Axle. 

— 2. A Diagram, explanatory of the Pulley, when 

the directions of the cords are not parallel. 

— 3. A Diagram, explanatory of the inclined 

plane, when the power is not in a direction 
with the plane. 
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WEIGHTS AND MEASURES. 









TROY WEIGHT. 






# 






Made. 


Gr. 


DmU 






Grains, . • • 


. Or. 


24 


= 1 




Oz. 


Penny-weights, . 


. Dwt. 


480 


= 20 


= 


1 Lib. 


Ounce, • • • 


. Oz. 


5760 


= 240 


zz 


12 = 1 


Pound, • . • 


. Lib. 



By this Weight are weighed Gold, Silyer, and Jewels. 



AVOIRDUPOIS WEIGHT. 

Dr. Oz. 

16= I Lib. 
256= 16= 1 Qr. 
7168= 448= 28= 1 Ctot. 
28672= 1792= 112= 4= 1 Ton 
573440=35840=2240=80=20= 1 





Mark. 


Dram, • • 


Dr. 


Ounce, . 


Oz. 


Pound, . . 


lib. 


Quarter, . 


Qr. 


Hund. wt. . 


OmU 


Ton, . . 


Ton 



By this Weight all Metals, except Gold and Silver, 
are weighed. 

B 
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WEIGHTS AND MEASURES. 



AVOIRDUPOIS WEIGHT, 



Note. 1 Lib. Avoir. 
1 Oz. do. 
1 Dr. do. 



Oz. DxDt. Qr. 

14 . 11 . 15i Troy. 
18. 5\ do^ 
1 . 3^ do. 



In. Ft, 

12= 1 

3f = 3 : 

198= 16^: 

7920= 660 : 

63360=5280 : 



LONG MEASURE. 

Yd. 

1 PI 

5^ 1, Fur* 
220 = 40=1 M, 
1760 =320=8=1 



Mark. 

Inch^ • • In, 

Foot, . . Ft. 
Yard, . . Yd. 
Pole or Rod, PL 
Furlong, . Fur. 
Mile, . . M. 



3 Miles =:; 1 League, marked Lea. 
69^ Miles nearly =: 1 Degree mafked ^ 



SQUARE MEASURE. 

Sq. In. Sq. Ft. 

144= 1 Sq.Yd. 
1296= 9 = 1 Sq.Pl. 
39204= 272^= 30^= 1 Rd. 
1568160=10890 =1210 = 40=l^cr. 
6272640=43560 =4840 =160=4=1 



mttf^m^^^m^ 



Mark.' 
Square Inch, Sq, In. 

Foo!^ Sq. Ft, 

Yflicl, Sq, Yd. 

Pole, iS^- PI. 
Rood, . . ^d. 
Acre, . . Acr, 



»|<«<W«»W>I»W 



•MrfM^MMRA 



1089 Scotch Acre9 = 1369 English Acres. 



WBIGBX& AMD MEASDIUUl 



u 



DB.X MEASUBE. 



Pts» Galm 
8= 1 PSrJc. 

64= 8:^ 4= 1 Qr. 
512= 64*2: 3t= 8= 1 ^e;y 
2660=S20s:16i^=402: 5:=zl LAst 
5l2a=£d40s^82d=80= 10^:2=1 



Pints, 
Gallon, 
jsPeck, 
Boshe],* 
Quarter^ 



Marit 

QaL 
Pec. 



W«y, Load; or Ton, H^ey 

Last, . • • Ld^ 



A Chaldron of Coals in London = 36 Bushels, and 
weighs 3136 iifos. Avoirdupois; or 1 Ton 8 Cwt. liearly. 



ALE MEASURE. 








Mark. 


Pts. Of. 


Pints, . . 


Pti, 


2= 1 Gal 


Quart, 


Of. 


8= 4= 1 Bar. 


Gallon, • 


Gal. 


288=144= 36=1 Hhd. 


BArresJ, • 


Bar. 


432=216= 54;:: 1^= 1 Butt 


Hogshead, 


Hhd. 


864=432s£: 108=3 ^2=1 Tun 


Butt, • . 


Butt 


1728=864=216=6 :±: 4 = 2 rt: I 


Tun; . • 


Tun 


tfoU. The Ale Gallon contains 282 Cubic br Solid 


Inches, 




B2 
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WEIGHTS AND MEASURES. 



WINE MEASURE. 

pis qt 
2= 1 gal 
8= 4= 1 tier 
336= 168=s 42=1 hhd 
504= 252= 63=1^=1 pun 
672= 336= 84=2 =1^=1 pipe 
1008= 504=126=3 =2 =1^=1 tun 
2016=1008=252=6 =4 =3 =2=1 





Maxk. 


Pints, • • 


pU 


Quart, 


9^ 


Grallpn, • 


gal 


Tierce, 


tier 


Hog^ead, 


hhd 


Puncheon, 


pun 


Pipe or Butt, /M/i^ 


Tun, . . 


tun 



Note. The Wine Gallon contains 231 Cubic or Solid 
Inches; and it is remarkable, that the Wine Gallon is 
to the Ale Gallon, nearly as the Pound Troy is to the 
Pound Avoirdupois. 



SOLID MEASURE. 



Cubic Inches 


Cub. Ft. 






1728 = 


1 


Cub. Yd. 




15552 = 


9 


= 1 


Fathom 


373248 = 


216 


= 8 = 


1 



In taking the solid contents of any Mass, there is 
seldom any other Measure than the Cubic Foot used. 
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The old dnd new French Weights and Measures^ 
reduced to the English Standard.* 

Tbe Parir pound, poids de marc of Chatlemagitej 
contains 9216 Paris grains; it is divided into 16 
otinces, eBth. ounce into 8 gros, (or dramis,) ai^d 
each grte into 72 grains; it is equal to 7561 English 
troyg^ris'. 

The English troy pound of 12 ounces, contains 
5760 English troy grains, and is equal to 7021 
Paris grains. 

l!%e English avoirdupois pound of 16 ounces, 
oen^ins 7000^ English ti^oy grains, idid 16 equal to 
d5dGf Bdtrfis grains. 

To reduce Piiris grains to English troy grains^ 
divide by 1.2189. 

To reduce Paris ounces to English troy, divide 
by 1.015734; or the conversion may be made by 
means of the following Tables. 

I. Tp reduce French to English Troy Weight. 

JSngUsliiTroy Gndtts. 

The Paris Pound = 7661 

t 

Ounce = 478.5625 
6ro3 =: 59.0703 
Grain = iS204 



• See the Technical Repository, V^L 3, No.^, Ibr Jiiite tSSS^ 

B3 



18 WEI6BT8 AND MEASURES. 

II. To reduce Paris Long Measure to English. 

Eng. Inches* 

The Paris Royal Foot of 12 Inches = ,12.7977 

The Inch = 1.0659 

The Line^ or one-twelfth of an Inch = .0074 

III. To reduce French Cubic Measure to English. 

Eng. Cubical Feet. 

The Paris Cubic Foot . . = 1.211273 
The Cubic Inch = .000700 

IV. Measure of Capacity. 

The Paris pint contains 58.145 English cubical 
inches, and the English Wine pint contains 28.875 
cubical inches; or the Paris pint contains 2.0171082 
English pints; therefore, to reduce the Paris pint to 
the English, multiply by 2.0171082. 

Table of the New French Weights and Measures, re" 
duced to the English Standard, 

The French metref according to the Journal de 
Physique^ An. 7, Prair, 4* Fruct^ is equal to 3 feet, 
1 1.296 lines French, and the gramme to 18.827 grains. 
The metre is the ten-millionth part of the distance 
from the Pole to the Equator. The gramme is the 
weight of a cubic centimetre of water. The French 
toise was 76.734 inches English; and 576 French 

grains were equal to 472.5 English. See Phil. 

Transact, vol. 58, p. 326. 
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MEASURES OF LENGTH. 

English Inches. 

MiiUmetre = . . .03937 

Centimetre = • . • .39370 . 

Decimetre = . • 3.93702 

Metre . . . . . . = • • 39.37023 

Decametre .....= . 393.70226 

Hecatometre ....=. 3937.02260 

Chiliometre =z 39370.22601 

Myriometre = 393702.26014 

M. P, Y. Ft. In. 

A Decametre is = 10 2 9.7 

A Hecatometre = 109 1 .\ 

A Chiliometre = 04 213 1 10.2 

A Myriometre = 6 1 156 .6 

£ight Chiliometres are nearly 5 English miles. 

MEASURES OF CAPACITY. 

English Cubic Inches. 

MilliUtre ..... = ... .06102 

Centilitre = . . . .61024 

Decilitre = • . . 6.10244 

Litre = . . . 61.10244 

Decalitre ±= . . 610.24429 

Hecatolitre = . . 6102.44288 

Chiliolitre = . 61024.42878 

Myriolitre = . 610244.28778 

A Litre is nearly 2| Wine pints. 

14 Decilitres are nearly 3 Wine pints. 

A Chiliolitre is a tmi^ 12.75 Wine gallons. 



IfHBtGfiTS AND ifEAMlRES. 

WEiGHTS. 

English Gnins. 

Milligramme •... = ••. .0154 
Centigramme • . • • = • • • .1544 
Decigramme • • • • == . - . 1.5444 

Gramme ....•• = .•• 15.4446 

< . , ■ 

l)ecagramme . • • • = . • 154.4402 

Hecatogramme •••• = •• 1544.4023 

Chitiogramme (Kilogram) = • 15444.0234 

Mj^iogramme • • . . = • 154440.2m4 

A Decagratmne is 6 dwts. 10.44 gr. tr.; or 5.65 dr. 

avoir. 
A Hecatogramm^ is 3 oz. 6.5 dr. avoir. 
A Chiliogramme is 2 libs. $ oz. 5 dr. avoir. 
A Myriogramme is 22 - — 1.15 oz. avoir. 
lOO Myriogramxnes are 1 Ton, wanting 82.8 HU. 



' AGjtA'RIAN MEASURES. 

Ar^^ 1 square Decametre • = 3.95 Berdi^s;^ 
Hebkt^Hs . ...... = 2 Acres^ f R66d, 

30.1 Perdies. 



FIR WOOD. 



I »■• 



Decistre, 1-lOth gtere . zz 3.5315 cub. ft. Eng. 
Stere, 1 Cubic Metre • = 35.3150 cub. ft. 
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MENSURATION. 



PROBLEM I. 

To find the area of any Parallelogram^ txihether it be 
a Square^ a Hectangle^ a Mhombus^ or a Rhomboid. 
See Plate I. Fig. 1, 2, 3, 4. 

Rule. Multiply the length by the perpendicular 
breadth or height, and the product will be the area. 

EXAMPLE. 

What is the area of a Rhomboid, the length a b 
being 7, the perpendicular b c being 4? 
T X 4 = 28 area of Rhomboid. 

PROBLEM IL 

To find the area of a Triangle. 

Rule. Multiply the base by the perpendicular 
height, and take half the product for the area. 

EXAMPLE. 

What is the area of a Triangle^ the base being 9, 

and the perpendicular 8^? 

76i 
9 X 8i = Tei— 2* = 88i area. 



9ff JonacxRATiDit. 



PROBLEM UI. 

To find the area of a TV^^peeoiU— See Plate I. Fig. 5. 

Rule. Add Mg^tift^ th^ Iw^ jtanrallel sides; then 
multiply their sum by the perpendicular breadth, or 
the distance between them, and take half the pro* 
duct tot th^ areil* 

What is the akiea of a Ttapkxmd? 

^ ^ > parallel sides. 
CD =83 

B D = 5 perpendiculair. 



d + S X 5 =r 85 
and 2 = ^^i ^^^i^®^* 



PROBLEM IV. 

To find the area of any Trapezium. — See Fig. 6. 

Rule. Divide the Trapezium into two triangles 
by a diagonal; then find the a^Mi of the triangles 
by Prob. 2. and add them together for the area of 
the Trapezium. 

EXAHPIi^ 

What it the area of a Tri^itifti? 
A c = 8 base of both triadglM S+ixBs'T^ 

^^^g^pen^^ttdieulars. aiid -^2=36 area. 
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PROBLEM V. 
Tojlnd ih^ area of an Irregular Polygon. — See Kg. 7. 

Rule. Draw. Diagonals. <£viding the proposed 
Polygon into Trapf^sQums anid, Triangles; then find 
the areas of all these separately, a^^ add them to- 
gether for die coiiteilts of the whole Polygon. 

EXAMPLE. 
What is the area of an irregular Polygon. 
"■ « > bases. 



3 r = 2 

D H = 4 1^ perpendiculars. 

EG = S 



4+2x9=54 
3x8=24 

^=^9 area. 



PROBLEM VI. 

Tofnd the area of a Hegular Polygon. 

Rule 1. Multiply the perimeter of the Polygon, 
or sum of its sides, by the perpendicular drawn from 
Its centre on one of its sides, and take half the pro- 
duct for the ar^a. 

Rule 2. Square the side of the Polygon^ then 
iniiltiply that square by the tabular area set against 
its name in the following Table, and the product 
will be the arei&. 



04 



BCEHSUEATION. 



EXAMPLE. 

What is the area of a r^ular Nonagon, its side 
beiDg 5, and perpendicular 6.8686935? 

By Rule 1. 
45 perimeter = 5 x ^ 
45 X 6.8686935 = 309.0912097 
309.09 &c. 



now 



2 



=z 154.54 &c area. 



By Ride 2. 
5^ X 6.1818242 r: 154.5456 &c. area. 



No. of 
sides. 


NAMES. 


AREAS. 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Trigon, or Triangle . 
Tetragon, or Square • 
Pentagon • • • • 

Hexagon 

Heptagon • • • • 

Octagon 

Nonagon • . • • 

Decagon 

Undecagon • . . 
Dodecagon • • . • 


0.4330127 
1.0000000 
1.7204774 
2.5980762 
3.6339124 
4.8284271 
6.1818242 
7.6942088 
9.3656399 
11.1961534 



PROBLEM VIL 

To find the diameter and circumference of any Circle^ 
the one from the other. — See Fig. 8. 

This may be done by either of the three following 
proportions, vizJ As 7 is to 22, so is the diameter 
to the circumference; or. As 1 is to 3.1416, so is 
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the diameter to the circumference; or, As 113 is to 
355, so is the diameter to the circumference. 

EXAMPLE. 

What is the circumference of a Circle, its diame- 
ter being 6? 

First, 7 : 22 : : 6 : 18.857 circumference. 

Second, 1 : 3.1416 : : 6 : 18.8496 do. 

Third, 113 : 355 : : 6 : 18.8495 do. 
This last (113 : 355) is the most correct proportion 
to find the circumference from the diameter, or the 
diameter from the circumference. 



PROBLEM VIII. 

Tojind the length of any arc of a Circle. — See Fig. 9. 

Rule. Multiply the decimal .01745 by the de- 
grees in the given arc, and the product by the radius 
of the circle, for the length of the arc. 

EXAMPLE. 

What is the length of the arc of a Circle, the 
number of degrees being 25, and radius 7? 
.01745 X 25 X 7 = 3.05375, length of arc. 

"Sote. .01745 is found by dividing the circum<- 
ference by 360° when the radius is 1 ■ u e. 

«-g8«^8^ = .01745 
360 
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•'. . 

PROBLEM IX. 

To Jind the area of a Circle. 

Rule 1. Multiply half the circumference by half 
the diameter, and the product is the area. 

Rule 2. Square .th^ diametqr, ando^ultiply that 
square by the decimal .7854 for the area. 

Rule 3. Square the circumference, and multiply 
that square by the decimal .07958. 

■ • , • * f 

EXAMPLE. 

What is the area of a Circle, the diameter being 
9, the circumferefice = 28,27, half of which is 
14.135? 



-% RiAe 1. 
J4.135 X ^5 - 63.6075 



By Rtde 2. 
92 X .7854 = 63.6174 



% Rule 3. 
28.27« X 07958 = 63.599, &c. 

Note, The first Rule of this Problem is found 
by the theorem of the triangle: for, suppose the 
circle to b^ a regular ^pjygon of an indefinite i^um- 
ber of sides, then, tl^e sum of the sides will be dire 
perimeter of the circle; consequently, the r9dius of 
the circle will be the altitude, and the perimeter the 
base of the triangle, the area of which is found by 
A X iB> 6r^A X B, (a being the altitude and B 
the base,) therefore the area of thp circle will be J 
cir. X i diameter, or ^ cir. x radius. 
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The second Rule is deduced from the first and 

Prob. 7.: the first Rule is -7 = area (d c being the 

dianii^ter iand dhsumferehce) Prob. 7. is 3.1416 d=:C, 

» ^ , . 3.1416 D« 

therefore the area is 7- — or = .7864 d" 

4 

The third Rule is found thus: 0=-^—-: , ^ and a = 

3.1416 

^, therefore the area will be qJ^^^^ or j^^ 

now the reciprocal of 12.5664 is .07958, or -j = 
.07958; hence the rule c^ x .07958 = area. 



PROBLEM X. 

To find the area of a circular Ring^ or of the space 
incltided between the circumferences of two circles; 
the one being contained within the other. 

Rule; Take the diflFerence between the areas of 
the two circles for the area of the Ring. 

EXAMPLE. 

What is the area of a Ring, the inside diameter 
being 5, and outside 7 ? 
.7854 X '7^= 38.4846 
.7854 X 5^ = 19.6350 ^^5 

18.8496 = area of ring, or "~2"~ ^ 

7—^5 

medium diam'* , then 3.1416 X 6 X — c— :=: 18.84 area, 

or 72-52= 24, then 7854 X 24 = 18.84 area. 

C 8 
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PROBLEM XI. 

Tojlnd the area of a Sector of a Circle* — See Fig. 10. 

Rule 1. Multiply the radius, or half the diam- 
eter, by half the arc of the sector, for the area; 
or multiply the whole diameter by the whole arc of 
the sector, and take \ of the product. 

Rule 2. Compute the area of the whole circle: 
then say, as 360^ is to the degrees in the arc of the 
sector, so is the area of the whole circle, to the 
area of the sector. 

EXAMPLE. 

What is the area of the sector of a Circle, the 
the radius a c being 5, and arc a b, 8? 

8 V 10 
Rule 1. 4 X 5 = 20 area, or —^^ — = 20 area. 

4 

Bvie 2. 78.5400 = area of circle, then 360° : 92° 

18' : : 78.54 : 20 area, (92° 18' is the portion of the 

circle contained in arc 8.) 

PROBLEM XII. 

Tojind the area of a Segment of a Circle. — See Fig. 1 1 . 

Rule 1. Find the area of the sector, having the 
same arc with the segment, by the 2nd rule of last 
Problem. Find also the area of the triangle, form- 
ed by the chord of the segment and the two radii of 
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the sector; then add these together for the answer, 
when the segment is greater than a semicircle; or 
subtract them, when it is less than a semicircle: As 
is evident, 

Rltle 2. Divide the height of the scigment by 
the diameter, and JSnd the quotient in th^ column of 
heights in the fallowing Table. Take out the corre- 
sjponding lir^a in the next column oh the right hand; 
aad multiply it by the square of the circle's diameter 
fol* th^ are£i bf the isegment. 

When the quotient is not found exacily in the Ta- 
bU, projportion may be niacle between tne next less 
and greater area^ iii the same manner as is done with 
any diher Table. 

EXAMPLE. 

What is the area of the segment of a Circle, the 
radius a e being 10, chord a b c, 12, and arc ado 
73° 74'? 

Rule 1. .7854 X 400 = 314.16 area of whole circle, 
and 360° : 73° 't4' : : 3i4.16 : 6434054 area of sector. 
Half the chord is 6^ and ^10«— 62= 8. = b e the 
height of the triangle. 

I Rtdt 2. 10 — 8 = 2 height of the segment. 

^= .1 the quotient; and opposite ^6 it, in the 

right, eoluxrin of the following Table, is .04088^ 
which multiplied by. the square of thediamet^ry i« 
.04088 X 20^= 16.352 drea, nearly same area as 
found by Rule 1. 

C 3 
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Table of the area of circular Segments. 



•a 



.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 
.09 
.10 



2 



o 



*1 

g 

I 



I 



.00133 
.00375 
.00687 
.01054 
.01468 
.01924 
.02417 
02944 
03502 
.04088 



4 



.11 
.12 
.13 
.14 
.15 
.16 
.17 
.18 
.19 
.20 



n^t 






4 



.04701 
.05339 
.06000 
.06683 
.07387 
.08111 
.08853 
.09613 
.10390 
.11182 



.21 
11.22 
.23 
.24 
.25 
.26 
.27 
.28 
.29 
.30 



8 Cm 



s 



.11990 
.12811 
.13646 
.14494 
.15354 
.16226 
.17109 
.18002 
.18905 
.19817 









(3 



.31 
.32 
.33 
.34 
.35 
.36 
.37 
.38 
39 
.40 



.20738 
.21667 
.22603 
.23547 
.24498 
.25455 
.26418 
.27386 
.28359 
.29337 



i 



.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 
.50 



s 



o 



I 



.30319 
.31304 
.32298 
.33284 
.34278 
.35274 
.36272 
.37270 
.38270 
.39270 



PROBLEM XIIL 



To measure long irregular Figures. 

Rule. Take or measure the breadth at both 
ends, and at several places, at equal distances; then 
add to^rether all these intermediate breadths, and 
half the two extremes; which sum multiply by the 
length, and divide by the number of parts for the 
area. If the perpendiculars or breadths be not at 
equal distances, compute all the parts separately, as 
so many trapezoids, and add them all together for the 
whole area. 
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EXAMPLE. 

What is the area of an irregular figure, the breadths 
at equal distances being 8.2, 7.4, 9.2, 10.2, 8.6, and 
the whole length 39? < 

8.2 

8.6 
2) 16.8 sum of the extremes. 

8.4 mean of the extremes. 8.4 + 7.4+9.24- 10.2 
= 35.2 sum of the breadths, now 35.2 x 39=1372.8 

which divided by the number of parts = — — ^ = 
343.2 area. 

PROBLEM XIV. 
Tojindihe area of an Ellipsis or Oval. — See Fig. 12. 

Rule. Multiply the longest diameter by the 
shortest; then multiply the product by the decimal 
.7854, for the area. 

EXAMPLE. 

What is the area of an Oval, its diameters being 
7 and 5? 

7 X 5 X .7854 = 27.4890 area. 

PROBLEM XV. 
To Jind the area of an Elliptic Segment. 

« 

: Rule 1. Find the area of a corresponding circur 
lar segmei^jt, having the same height, and the saiw 
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vertical axis or diameter; then say, as the said ver- 
tical axis is to the other axis, parallel to the seg- 
ment's base; so is the firea df the circular segment 
before found, to the area of the ^lli{itic sd^ent 
sought. 

Rule 2. Divide the height of the segment by 
the vertical axis of the ellipse, and fidd in the Table 
df <^irctt1ttr segments, Prob. 12, the circular segment 
having, the above quotient for its versed sine; then 
multiply altogether, this segment and the two axes of 
the ellipse. 

EXAMPLE. 

What is the area of an elliptic segment, its height 
being 2, vertical axis 20, and parallel axis 5? 

20)2 
^' -1 gives .04088 ^ 20«= 16.35& drea 
of circular segment: 20 : 5 : : 16.S52 : 4.0880 axik 
of elliptic segment. 

.1 gives .04088 x 5 x 20 = 4.0880 
area. 

PROBLEM XVt. 

Toj£nd ike area qfa Parabda^ or its Segment, 

See. Fig. 13. 

Rule. Multiply the base by the perpendicular 
height; theh tftke tWo-thirds of the product fdr the 
iiteft. 
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EXAMPLE. 



What is the area of a Parabola, its "base being 6, 
and hdght 9? 

6x9 = 54. X 2 _ gg ^^^ of segment. 



SOLIDS. 

By Mensuration of Solids, are determined the 
spaces included by contiguous surfaces; and the sum 
of the measures of these including surfaces, is the 
whole surface or superficies of the body. 

The measure of a body is called its solidity, ca- 
pacity, or content. 

Solids are measured by cubes, whose sides are 
inches, feet, or yards, &c.; and hence the solidity of 
a body is said to be so many cubic inches, feet, 
jrards, &c. as will fill its capaicity or space, or another 
of an equal magnitude. 

The least solid measure is the cubic inch; other 
cubes being taken from it, according to the propor- 
tion in the following Table, which is formed by 
cubing the linear proportions. 



i 
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Table of Cubes or Solids. 

1728 Cubic Inches make 1 Cubic Foot. 

27 Cubic Feet 1 Cubic Yard. 

166f Cubic Yards — ^ I Cubic Pole. 

64000 Cubic Poles 1 Cubic Furlong- 

512 Cubic Furlongs 1 Cubic Mile. 



PROBLEM I. 

To Jind the superficies of a Prism or Cylinder. — See 

Fig. 14 and 15. 

Rule. Multiply the perimeter of one end of the 
Prism, by the length of the solid, and the product 
will be the surface of all its sides. To which add 
also the area of the two ends of the Prism, when 
required. 

Or, compute the areas of all the sides and ends 
separately, and add them all together. 

EXAMPLE. 

What is the superficies of an equilateral triangu- 
lar Prism, its length being d, aiid side 3? 

, . • ■ ' > « « . - 

3x3 = 9 perimeter, theil 9x^ = 81 superficies, 
or 3 X 9 = 27 area of one side, and 27 k 3 =: 81 su- 
perficies or areas of the 3 sides. 
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PROBLEM 11. 



To Jind tie s^rf^ce of a P^amid or Cone, — See 

Fig. 16 ^d 17. 

Rule. Multiply the perimeter of the base by the 
slant height, or length of the side, and half the pro- 
duct will be the surface of the sides, or the sum of 
the f^r^as of all th^ triangles^ which form it. To 
which add the area of the end or base, if required. 

EXAMPLE. 

What is the surface of a Pyramid, its slant height 
being 20, and the perimeter of its base 15? 

5 = 150 ^qrfaceof pyramjd. 

PROBLEM Ili. 

To Jind the surface of the Frustum of a Pyramid or 
Cone^ being the lower party when the top is cut off 
by a plaiie parallel to the base. 

Rule. Add together the perimeters of the two 
^ds, and multiply their sun^ by the slant height^ 
taking half the product for the answer— As is evi- 
dent, because the sides of the solid are trapezoids, 
having the opposite sides parallel. 

EXAMPLE. 

What is the surface of the frustum of a Cone, the 
slant height being 12, the diameters 8 and 6? 
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3.1416 X 8 = 25.12 
3.1416 X 6 == 18.85 



43.97 perimeters of both endsy 
43.97 X 12 = 527.64, which halved, is 263.82, the 
surface of frustum. 

PROBLEM IV. 

To find the solid content of any Prism or Cylinder. 

Find the area of the base, or end, whatever the 
figure of it may be, and multiply it by the length of 
the Prism or Cylinder, for the solid content. 

EXAMPLE. 

What is the solid content of a Cylinder, its diame- 
ter being 3, and length 7? 

.7854x9=7.0686 area, 7.0686 xT= 49.4802 so- 
lidity. 

PROBLEM V. 

To find the content of any Pyramid or Cone. — See 

Fig. 16 and 17. 

Rule. Find the area of the base, and multiply 
that area by the perpendicular height; then take 
one- third of the product for the content. 

EXAMPLE. 

What is the content of a Cone, the area of it^ base 
being 9, and vertical height 17? 

17 X 9 = 153,-^ = 51 solid content. 
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PROBLEM VI. 

To Jtnd the solidity of the Frustum of a Cone or 

Pyramid. 

RuigB. Add into one sum the areas of the two 
^d% am the mean proportional between them; and 
take one*-third of that sum for a mean area; which 
being multiplied by the perpendicular height or 
length of the frustum, will give its content. 

EXAMPLE. 

What is the solidity of the frustum of a Cone, the 
vertical height 19, the areas of its ends being 12 
and 9? 

12 
9 
10.5 mean proportional. 

8)31^5 

10.5 X 19 = 199.5 solid content. 



PROBLEM VIL 

To find the surface of a Sphere or any Segment. 

See Fig. 18. 

Rule 1. Multiply the circumference of the 
Sphere l^ its diameter, and the product will be the 
whole surface of it 

D 
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Rule 2. Square the diameter, and multiply that 
square by 3.1416, for the sur&ce. 

Rule 3. Square the circumference; then either 
multiply that square by the decimal .3183, or divide 
it by 3.1416, for the surface. 

Note. For the surface of a Segment or Frustum, 
multiply the whole circumference of the Sphere by 
the height of the part required. 

EXAMPLE. 

What is the superficial content of a Sphere, its 
diameter being 7? 

Rule 1. 5 S^!^^^' l^ 22 X 7 = 164 superf. cont. 
CDiam'- 7 ^ 

Rule 2. 72 X 3.1416 = 153.9384 do. 

22« X .3183 = 154.0572 do. 

Rule 3. i ^^ 22« i . . n« a 

^^ ttttt:: = 154.06 do. 

3.1416 



PROBLEM VIII. 

To/tnd the solidity of a Sphere or Globe. 

Rule 1. Multiply the surface by the diameter, 
and take l-6th of the product for the content; 
or, which is the same thing, multiply the square of 
the diameter by the circumference, and take l-'6th 
of the product. 
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Rule 2. Take the cube of the diameter, and 
multiply it by the decimal .5236, for the content. 

Rule 3. Cube the circumference, and multiply 
it by .01688, for the content. 

EXAMPLE. 

What is the solid content of a Globe 7 inches 
diameter? 

This. is the same diameter of the Sphere as in last 
Example; therefore the surface will be 154 inches. 

Rule 1. 1^^1^=1794 orIl^=I794cub.cont. 
6 6 

Itule2. 75=343 X. 5236= 179.5948 cub. content. 
Rule 3. 223 = io648 x .01688= 179.73824 do. 



PROBLEM IX. 

To find the solid content of a Spherical Segment. 

See Fig. 18. 

Rule 1. From 3 times the diameter of the 
Sphere, take double the height of the Segment; then 
multiply the remainder by the square of the height, 
and the product by the decimal .5236, for the 
content* 

Rule 2. To 3 times the square of the radius of 
the Segment's base, add the square of its height; 

D 2 
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then multiply the sum by the height, and the pro- 
duct by .5236, for the content 



EXAMPLE. 

What is the solid content of a Spherical Segment 
2 feet high, taken from a Sphere 8 feet diameter? 

Mule I. 8x3=24— 2x2=20 x2«=80x. 5236= 
41.888, radius of sphere is 4, now 4®=zl6, and from 
the radius take the height of the segment, 4 — 2.= 2, 
which 2^ = 4, therefore 16 — 4=12= square of the 
radius of Segment's base. 



Rule 2. 12 X 3+2« X 2 X .5236=41.888 content. 



In arranging the first Edition, it was thought 
superfluous to give Examples for the elucidation of 
the preceding very simple Rules; but afler publica- 
tion, it was found that the want of Examples 
operated against the general usefulness of the book; 
for this reason they are now annexed. 
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SPECIFIC GRAVITY. 



The specific gravity of a body is the proportional 
weight between that body and another of a known 
density; and water is admirably adapted to be the 
standard, as a solid foot of it weighs 1000 ounces 
avoirdupois. 



TO FIND THE SPECIFIC GRAVITY OF A BODY. 



PROBLEM I. 

When the body is heavier than water. 

Rule. Weigh it both in and out of water, 
and take the diflPerence, which will be the weight 
lost in water; then say, 

As the weight lost in water, 
Is to the whole or absolute weight; 
So is the specific gravity of water, 
To the specific gravity of the body. 

- D3 
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PROBLEM IV. 

Tojlnd the quantities of two ingredients in a given 

compound. 

Rule. Take the three differences of every pair 
of the three specific gravities, namely, the specifik: 
gravities of the compound and each ingredient; and 
multiply each specific gravity by the difference of the 
other two; then say, 

As the greatest product. 
Is to the whole weight of the compound; 
So is each of the other two products, 
To the weights of the two ingredients. 

EXAMPLE. 

A composition of 112 lbs. being made of tin and 
copper, whose specific gravity is found to be 8784; 
required the quantity of each ingredient, the specific 
gravity of tin being 7320, and copper 9000. 



8784, . . 


> . • Composition, 


9000, . . 


► . . Copper, 


7320, . . 


. . . Tin. 



9000 — 7320 = 1680 X 8784 = 14757120 
8784 — 7320 = 1464 X 9000 = 13176000 
9000 — 8784 = 214 X 7320 = 1566480 

As 14757120 : 112::13176000 : 100=Copper i Wei^t of 

112 — 100 = 12 = Tin S Ingredienti 



SPECIFIC QRAVITY. 
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A Table of Specific Gravities of Bodies. 



Platina (pure) . . 
Fine Gold . . , 
Standard Gold . . 
Qnicksilyer (pure) 
Quicksihrer (tommon) 
Lead ..... 
Fine Silver . . 
Standard Silver 
Copper , . . 
Copper Halfpence 
Gun Metal . . 
Cast Brass . 
Steel . . . 
Iron . 

Cast Iron . . 
Xloal . . . 
Boxwood . . 
Sea Water . 
Common Water 
,0|ik . . . 
Gtlnpowder close shaken 



23000 

19400 

17724 

14000 

13600 

11325 

11091 

10535 

9000 

8915 

8784 

8000 

7850 

7645 

7425 

1250 

1030 

1030 

1000 

925 

937 



Do. in a loose heap 836 



Tin ...... 

Clear Crystal Glass 

Granite 

Marble and Hard Stone 
Common Chreen Glass . 

Flint 

Common Stone . • • 

Clay 

Brick 

Conunon Earth . . 

Nitre 

Ivory 

Brimstone . . . . 
Solid Gunpowder . . 

Sand 

Ash 

Maple 

Elm 

Fir 

Charcoal .... 

Cork 

Air at a mean state 



7320 

3150 

3000 

2700 

2600 

2570 

2520 

2160 

2000 

1984 

1900 

1825 

1810 

1745 

1520 

800 

755 

600 

550 

400 

240 

1« 



Note. The several sorts of wood are supposed to 
be dry. Also, as a cubic foot of water weighs just 
1000 ounces avoirdupois, the numbers in this Table 
express, not only the specific gravities of the several 
bodies, but also the weight of a cubic foot of each 
in avoirdupois ounces; and therefore^ by propor- 
' tion, the weight of any other quantity, or the quan- 
tity of any other weight, may be known. Also, 
100 cubic inches of common air weigh nearly 31^ 
grains troy, or If drams avoirdupois. Hutton. 
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WEIGHT OF MALLEABLE 



TABLES OF THE WEIGHT OF MALLEABLE AND 
CAST IRON PLATES, BARS, &c. 



Table of the Weight of a Square Foot of Cast and MalUable IroHf 
Cojtper and Lead, from 1-16<A, to 1 Inch thick. 





Cast Iron. 


MaU. Iron. 


Copper. 


Lead. 


Thick 


















X i.UwJk« 


Libs. 


Oz, 


Libs, 


. Oz. 


Libs. 


Oz. 


Libs. 


Oz. 


1 Sixteenth 


2 


6.6 


2 


7.8 


2 


15 


3 


11 


2 — 


4 


13.3 


4 


15.6 


5 


14 


7 


6 


3 — 


7 


4. 


7 


7,4 


8 


13 


11 


1 


4 — 


9 


10.6 


9 


15.2 


11 


12 


14 


12 


5 — 


12 


1.3 


12 


7.1 


14 


11 


18 


7 


6 — 


J4 


8. 


14 


14.9 


17 


10 


22 


2 


7 — 


16 


14.7 


17 


6.7 


20 


9 


25 


13 


8 — 


19 


5.3 


19 


14.5 


23 


8 


29 


8 


9 — 


21 


12. 


22 


6.3 


26 


7 


33 


3 


10 — 


24 


2.7 


24 


14.2 


29 


6 


36 


14 


11 — 


26 


9.3 


27 


6. 


32 


5 


40 


9 


12 — 


29 


— 


29 


13.8 


35 


4 


44 


4 


13 — 


31 


6.7 


32 


5.6 


38 


3 


47 


15 


14 — 


33 


13.4 


34 


13.4 


41 


2 


51 


10 


16 ^ 


36 


4. 


37 


5.3 


44 


1 


55 


5 


1 Inch 


38 


10.7 


39 


13.1 


47 


— 


59 


- 



AND CAST IRON, &c. 
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Table of the Weight of a Lineal Foot of Malleable and Cast Iron 
Bars, from 6-l6ths to 3 Inches square. 











ROUND ROD& 


Sixteenths 


Area in 


MALL. IRON. 


CAST IRON 


. The 16th8 on the side is 


«n the 


Square 






the diameter of Rod. 


side. 


Sixteenths. 


Ounces Weight 


Ounces Weigh 


t Ounces Weight. 


6 


36 


7.4736 


• • • • 


5.83 


7 


49 


10.1724 


• • • 


7.99 


8 


64 


13.2864 


12.8960 


10.43 


9 


81 


16.8156 


• • . . 


13.20 


10 


100 


20.7600 


... 


16.30 


11 


121 


25.1196 


. ... « 


19.72 


12 


144 


29.8944 


29.0160 


23.47 


13 


169 


35.0844 


. . • . 


27.53 


14 


196 


40.6896 


... 


31.94 


15 


225 


46.7100 


• • . . 


36.44 


1 Inch 


256 


53.1456 


51.5840 


41.50 


1 


289 


59.9964 


• • • • 


46.80 


2 


324 


67.2624 


• • • 


52.47 


3 


361 


74.9436 


• • • • 


58.46 


4 


400 


83.0400 


80.6000 


64.81 


5 


441 


91.5516 


. . ■ . 


71.41 


6 


484 


100.4784 


... 


78.37 


7 


529 


109.8204 


» 
. . . * 


85.66 


8 


576 


119.5774 


116.064C 


► 93.27 


9 


625 


129.7500 


• • • • 


101.21 


10 


676 


140.3376 


• • • 


109.46 


11 


729 


J.0X.O4A7^ 


9 • • * 


118.05 


12 


784 


162.7584 


157.976C 


) 126.95 


13 


841 


174.5916 


. . a 4 


136.19 


14 


900 


186.8400 


... 


145.74 


15 


961 


199.5036 


... 


155.62 


2 Inches 


1024 


212.5824 


206.336( 


) 165.82 


1 


1089 


226.0764 


... 


176.34 


2 


1156 


239.9856 


... 


187.19 


3 


1225 


254.3100 


... 


198.36 


4 


1296 


269.0496 


261.144( 


) 209.86 


5 


1369 


284.2044 


... 


221.68 


6 


1444 


299.7744 


... 


233.83 


7 


1521 


315.7596 


... 


246.30 


8 


1600 


332.1600 


322.400( 


) 259.09 


9 


1681 


348.9756 


... 


272.20 


10 


1764 


366.2064 


... 


285.64 


11 


1849 


383.8524 


... 


299.41 


12 


1936 


401.9136 


390.104( 


) 313.49 


13 


2025 


420.3900 


... 


327.91 


14 


2116 


439.2816 


. • • 


342.64 


15 


2209 


458.5884 


... 


357.70 


3 Inches 


2304 


478.3104 


464.256< 


O 373.09 



48 FALLING BODIES. 

The foregoing Tables have been calculated from 
Hutton's Specific Gravities; those of Cast and Mal- 
leable Iron and Lead agree very nearly with those 
given by other authors; but the specific gravity of 
Copper, though heavier than that given by Hatcfaett, 
which is 8.800; still, from Copper being firequently 
alloyed with Lead, it is supposed that Hutton's, 
which is 9000, will be nearest the weight of Copper 
commonly used. 



FALLING BODIES. 

The motion described by Bodies freely descjsnd- 
ing by their own gravity, is, viz. — The Velocities 
are as the Times, and the Spaces as the Squares 
of the Times. — Therefore if the Times be aa the 

numbers 1234 &c. 

The Velocities will be also as . .1 2 3 4 &c. 
The Spaces as their Squares • 1 4 9 16 &c. 
and the Spaces for each time, as . 1 3 5 7 &c. 
namely, as the series of the odd numbers, which 
are the differences of the squares, denoting the 
whole spaces: — So that if the first series of numbers 
be seconds of time: u e> . . I'' 2" 3" &c. 
Velocities in feet will be . . 32^ 64^ 96} &c 
Spaces in the whole times will be 1 61-^^ 64^ I44f &c 
Spaces far each second will be 16j^ 48^ 80^ &c. 

. HUTTON. 



FALLING BODIES. 
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The following Table shows the Spaces fallen through, and the 
Velocities acquired, at the end of each of 30 Seconds, 



Time 

in 

Seconds. 




SPACE 


• 




VELOCITY. 


Each 
Time. 


As the 

Squares 

of the Time. 


Fallen 

through in 

Feet & Inches. 


As the 
Times. 


Acquired 

in 

Feet & Inches. 


1 


1 


1 


16 


1 


1 


32 


2 


2 


3 


4 


64 


4 


2 


64 


4 


3 


5 


9 


144 


9 


3 


96 


6 


4 


7 


16 


257 


4 


4 


128 


8 


5 


9 


25 


402 


1 


5 


160 


10 


6 


11 


36 


579 





6 


193 





7 


13 


49 


788 


1 


7 


225 


2 


8 


15 


64 


1029 


4 


8 


257 


4 


9 


17 


81 


1302 


9 


9 


289 


6 


10 


19 


100 


1608 


4 


10 


321 


8 


11 


21 


121 


1946 


1 


11 


353 


10 


12 


23 


144 


2316 





12 


386 





13 


25 


169 


2718 


1 


13 


418 


2 


U 


27 


196 


3152 


4 


14 


450 


4 


15 


29 


225 


3618 


9 


15 


482 


6 


16 


31 


256 


4117 


4 


16 


514 


8 


17 


33 


289 


4648 


1 


17 


546 


10 


18 


.^5 


324 


5211 





18 


579 





19 


37 


361 


5806 


1 


19 


611 


2 


20 


39 


400 


6433 


4 


20 


643 


4 


21 


41 


441 


7092 


9 


21 


675 


6 


22 


43 


484 


9784 


4 


22 


707 


8 


23 


45 


529 


8508 


1 


23 


739 


10 


24 


47 


576 


9264 





24 


772 





25 


49 


625 


10052 


1 


25 


804 


2 


26 


51 


676 


10872 


4 


26 


836 


4 


27 


53 


729 


11724 


9 


27 


868 


6 


28 


55 


784 


12609 


4 


28 


900 


8 


29 


57 


841 


13526 


1 


29 


932 


10 


SO 


59 


900 


14475 





30 


965 






E 
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EXAMPLE I. 

To find the space descended by a body in 7^' and 
the velocity acquired. 

16 1 X 49 = 788 1 of space. 
32 2 X T' = 225 2 of velocity. 

Look into the Table at T' and you have the answers. 



EXAMPLE IL 



To find the time of generating a velocity of 100 
feet per second, and the whole space descended. 

100 X 12 

3/ / gi X 100 
—^^ = 155^% Space descended. 



EXAMPLE IIL 



To find the time of descending 400 feet» an^ the 
velocity at the end of that time. 



/*50 ><12 „ _. 
- • 16 ixl2 = ^^Q'^Tim e. 

^^V 987^ = ^^^-^^^ Velocity. 

Or these answers can be found from the Table 
by Proportion. 
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PENDULUM. 

The vibrations of Pendulums are as the square 
roots of their lengths; and as it has been found by 
many accurate experiments, that the pendulum 
vibrating seconds in the latitude of London, is 39^ 
inches long nearly, the length of any other pendulum 
may be found by the following Rule, viz. As the num- 
ber of vibrations given, is to 60, so is the square root 
of the length of the pendulum that vibrates seconds, 
to the square root of the length of the pendulum 
that will oscillate the given number of vibrations >-^ 
or. As the square root of the length of the pendulum 
given, is to the square root of the length of the 
pendulum that vibrates seconds, so is 60 to the 
number of vibrations of the given pendulum. 

Since the pendulum that vibrates seconds, or 60,^ 
is 39^ inches long, the calculation is rendered 
simple; for v^ 39^ x 60 z= 375, a constant number, 
therefore 375, divided by the square root of the pen- 
dulum's length, gives the vibrations per minute, and 
divided by the vibrations per minute, gives the square 
root of the length of the pendulum. 

EXAMPLE I. 

How many vibrations will a pendulum of 49 inches 
long make in a minute? 

375 

~77g z= 53 ^ vibrations in a minute. 

E2 
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EXAMPLE IL 

What length of a pendulum will it require to malrA 
90 vibrations in a minute? 

375 



90 



= 4.16 4.16 "^ = 17.3056 inches long. 



EXAMPLE III. 



What is the length of a pendulum, whose vibra- 
tions will be the same number as the inches in itf 



length? 



v^ 375 = 62 inches long, and 52 vibrations.* 



* For v^ j: : v^ 39 ^ : : 60 : X or v^ X X « = 375 

375 375"^ 

V X =— — z= X = -—^ 

X X * 

or X X x^ =z 375"2 = x^ =l75"« 

5 

X = ^^375 fl :^ 52.002 
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MECHANICAL POWERS, Ac. 



The Science of Mechanics is simply the applica- 
tion of Weight and Power, or Force and Resistance. 
The weight is the resistance to be- overcome; the 
power is the force requisite to overcome that resist- 
ance. When the force is equal to the resistance, 
they are in a state of equilibrium, and no motion 
can take place; but when the force becomes greater 
than the resistance, they are not in a state of 
equilibrium, and motion takes place; consequently, 
the greater the force is to' tK^ resistance, the greater 
isr the motion or velocity. 

. The Science of Equilibrium is called Statics; the 
Science of Motion is called JDynamics. 

Mechanical Powers are the most simple of me- 
chanical applications to increase force, and overcome 
resistance. They are usually accounted six in num- 
ber, viz. Th^ Lever, — The Wheel and Axle, — 

The PmiLET, Thfe Inclined PlakA,— -nThe 

Wedge, — and the Screw. 

E3 
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S4i MECHANICAL POWERS. 

LEVER. 

To make the principle easily understood, we must 
suppose the Lever an inflexible rod without weight; 
when this is done, the rule to find the equilibrium 
between the power and the weight, is, — Multiply the 
weight by its distance from the fulcrum, prop, or 
centre of motion, and the power by its distance from 
the same point: if the products are equal, the weight 
and power are In equilibrio; if not, they are to each 
other as their products. 

EXAMPLE L 

A weight of 100 libs on one end of a lever, is 6 
inches from the prop, and a weight of 20 libs at the 
other end, is 25 inches from the prop — What ad- 
ditional weight must be added to the 20 libs, to 
make it balance the 100 libs? 

^^^^^ ^ = 24 — 20 = 4 libs weight to be added. 
25 ^ 

EXAMPLE IL 

A Block of 960 libs is to be lifted by a lever 30 
feet long, and the power to be applied is 60 libs — 
on what part bf the lever must the fulcrum be placed? 

— — = 16, that is, the weight is to the power as 16 

30 

is to 1; therefore the whole length — — . = 1 ^, the 

distance'firom the block, and 30 — - 1 if = 28^, the 
distance firom the power. 
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EXAMPLE IIL 

A Beam 32 feet long, and supported at both ends, 
bears a weight of 6 tons, 12 feet from one end, — 
What proportion of weight does each of the supports 
bear? 

12 X 6 

— — — = 2^ tons, support at end farthest from 

the weight 
20 X 6 



32 



=3| tons, support at end nearest the weight. 



EXAMPLE IV. 

A Beam supported at both ends, and 16 feet long, 
carries a weight of 6 tons, 3 feet from one end, and 
another weight of 4 tons, 2 feet from the other end: 
What proportion of weight does each of the supports 
bear? 

3x6, 14X4 74 ^q. ,. . . 

— rr — I r-^— = rs = 4j¥i tons, end at the 4 tons. 

lb lb lb 

2x413x6 86 -g* j^.u/.^ 

^ 7^— = Ts = ^rs tons, end at the 6 tons. 



16 ' 16 ""16 

When the weight of the lever is taken to account, 
see Centre of Gravity. 
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WHEEL AND AXLE. 

See Fig. 1. Plate 2. 

The power gained by the Wheel and Axle, Wheel 
and Pinion, or Crane, is the effect of a double lerer; 
for suppose the end of the lever a b is the radius of 
the rope barrel, and the radius of the wheel b e; 
again, the radius of the pinion working into the 
wheel, is d e, and the length of the handle or winch 
is ef. 

If the distance between a b is only one-third of the 
distance between b c, it is evident, that the point at c 
will go through three times the space to that of the 
point at a, when the lever revolves round its fulcrum 
b: the.points d 8iji in the other lever,- are in the 
same proportion. The short end d acts upon the 
long end c: and if the endy^ goes through 9 inches^ 
the end d will go through 3 inches, also the end c. 
If the end c goes through 3 inches, the end a will 
go through only 1 inch; therefore the powclr is to 
the weight as 9 is to 1; that is, If 9 libs be hah^ at 
the end of the arm a, and 1 lib hung at the end of 
the arm^ they will balance each other. From this 
it is evident, thai if you gain power, you lose speed; 
and by gaining speed, you lose power: hence the 
Rule is deduced — Multiply th« power applied by its 
velocity, and the weight to be raised by its velocity. 



MECHANICAL POWERS. 5^ 

EXAMPLE I. 

A Weight of 94 tons is to be raised 360 feet in 
15 minutes, by a power, the velocity of which is 
220 feet per minute: — What is the power required? 

= 24 feet per minute, velocity of weight. 

24 X 94 = 2256 ^^o.^i, . . 

— 5S7r= 10.2545 tons power reqmred. 

EXAMPLE IL 

A Stone weighing 986 libs, is required to be lifted: 
What power must be applied, when the power is to 
the weight as 9 is to 2? 

986x2 1972 ^,^<^ 
— - — = — — = 219^ tons power. 

EXAMPLE IIL 

A Power of 18 libs is applied to the winch of a 
crane, the length of which is 8 inches; the pinion 
makes 12 revolutions for 1 of the wheel, and the 
barrel is 6 inches diameter. 

8 X 2 V 22 
-P = 50.28 circumference of the winch's 

7 

circle. 

50.28 X 12 z= 603.36 inches velocity of power on 
winch to 1 revolution of the barrel. 

603.36 X 18 = 10860.48 ^^^ ^^.^ 

6 X 22 

^ = 18.857 ... 19. 

that can be raised by a power of 18 libs on this crane. 
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PULLEY. 



There are two kinds of Pulleys, the^^rf and the 
moveable. From the fixed pulley no power is de- 
rived; it is as a common beam used in weighing 
goods, having the two ends of equal weight, and at 
the same distance from the centre of motion: the 
only advantage gained by the fixed pulley, is in 
changing the direction of the power. 

From the moveable pulley power is gained; it 
operates as a lever of the second order; for if one 
end of a string be fixed to an immoveable stud, and 
the other end to a moveable power, the string 
doubled and the ends parallel, the pulley that hangs 
between is a lever; the fixed end of the string being 
the fulcrum, and the other the moveable end of the 
lever: hence the power is double the distance from 
the fulcrum, than is the weight hung at the pulley; 
and therefore the power is to the weight as 2 is to 1. 
This is all the advantage gained by one moveable 
pulley; for two, twice the advantage; for three^ 
thrice the advantage; and so on for every additional 
moveable pulley. 

From this the following Rule is derived: — Divide 
the weight to be raised by twice the number of 
moveable pulleys, and the quotient is the power re- 
quired to raise the weight. 
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EXAMPLE I. 

What power is requisite to lift 100 libs, when two 
blocks of three pulleys, or sbeiv^s each, are applied, 
the one block moveable and tha other fixed? 

■ ^ =r 16^ libs, the power required, 

3 shelves x ^ = 6. > / 

EXAMPLE IL lu Z /l ^'i 

What weight will a power of 80 libs lift, when 
applied to a 4 and 5 shelved block and tackle, the 

4 shelved block being moveable? * 

80 X 8 = 640 libs weight raised. 



INCLINED PLANE. 

When a body is drawn up a vertical plane, the 
whole weight of the body is sustained by the power 
that draws or lifts it up: hence the power is equal 
to the weight. 

* See Fig, 2. Plate 2. — If the strings be not parallel, 
but in the directions da, d b, then the power a requi- 
site to lift the weight c is as d e is to d c, and the strain 
upon the fixed point b is as c b is to c d.-^H0Tt6k. 

From this simple definition, it is easy to find the pro- 
portion between the power and the weight, when the 
strings are at any angle. 
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Screw, hence, the Rule is derived: — As the circum- 
ference of the Screw is to the Pitch, or distance be- 
tween the threads; so is the Weight to the Power. 
When the Screw turns, the cord or thread runs 
in a continued ascending line round the centre cl 
the cylinder, and the greater the radius of the cylin- 
der, the greater will be the length of the i plane to 
its height, consequently the greater the power. — ^A 
lever fixed to the end of the screw will act as one 
of the second order, atid the power gained will be 
as its length, to the radius of the cylinder; or the 
circumference of the circle described by it, to the 
circumference of the cylinder; hence, an addition to 
the Rule is produced, which is, — If a lever is used, 
the circumference of the lever is taken for, or; instead 
o^ the circumference of the screw. 

EXAMPLE L 

What is the power requisite to raise a weight of 
8000 libs by a Screw of 12 inches circumference and 
1 inch pitch? 

As 12 : 1 : : 8000 : 666J^ libs = power at the 
circumference of the screw. 

EXAMPLE II. 

How much would be the power if a lever of 30 
inches was ij^lied to the screw? 

Circumference of 30 inches = 188^ 
As 188^ : 1 : :*M00 : 42tWiT ii(>g zt power wkfa 
a lever of 30 inches- long. 
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STR:^NGTH OF MATEB^^4t-3. 



After considering the Mechanical Powers, which 
are the analytic parts of all Machines, the next step 
is to consider the Strength of the Materials of which 
Machinery is* composed- — this knowledge being of 
the greatest importance to the Mechanic^ by en- 
abling him to adjust, with respect to magnitude, the 
various parts of the machine, that the strength of 
each part may be proportional to the stress it has to 
sustain. 



COHESIVE STRENGTH OP BEAMS, 

BARS, &c. 

The cohesive strength of a body, is that force by 
which it&£bres^ or particles resist separation^ tha*e- 
fbre the more particles that ap# in. a body,- the 
greater will be the power requisita^ito teoir. them 

F 2 



64 STRENGTH OF MATERIALS. 

asunder; or, according to the Rule, that the strength 
of bodies are as the area of their cross sections. 

The knowledge in this property of bodies is very 
limited, there being very few experiments made on 
which to build a data, and these few do not agree. 

The following are the results of experiments made 
by Mr. Emerson, which state the load that may be 
safely borne by a square inch rod of each. 

Pound* 
Ayoirdupois.- 

Iron rod, an inch square, will bear 76,400 

Brass 35,600 

Hempen Rope 19,600 

Ivory 15,700 

Oak, Box, Yew, Plum-tree, . . 7,850. 

Elm, Ash, Beech 6,070 

Walnut, Plum 6,360 

Red Fir, Holly, Elder, Plane, Crab 5,000 

Cherry, Hazel 4,760 

Alder, Asp, Birch, Willow, . . . 4,290 

Lead 430 

Free Stone 914 

Mr. Barlow's opinion of this table is, " We shall 
only observe here, that they all fall very short of the 
ultimate strength of the woods to which they refer/* 
See Barlow's Essay on the strength of Timber. Art* 3. 

Mr. Emerson also gives the following practical 
Rule, viz. ^^ That a Cylinder, whose diameter is d 
inches, loaded to one-fourth of its absolute strength, 
will carry as follows: 
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CwL 
Iron, ... 136 X d)^ 
Good Rope,. . 22 x ^^ 
Oak, ... 14 X ti« 
Fit, .... 9 X d^ 

Captain S. .Brown made an experiment on Welsh 
Pig Iron,, and the result is described as follows: 

" A Bar of Cast Iron, Welsh Pig, 1^ inch square, 
3 feet 6 iodbes long^ required a strain of: 11 tons, 
7 cwt. (25,424 libs,) to tear it asunder^ broke exactly 
transverse, without being reduced in any part; quite 
cold when broken, particles fine, dark bluish grey 
colour." — From this experiment, it appears that 
16,265 libs, will tear asunder a square inch of 
Cast Iron. ' 

Mr. 6. Rennie also made some experiments on 
Cast Iron, and the result was, <^ that a Bar one 
inch square, cast horizontal, will support a weight 
of 18,656 libs — and one cast vertical, will support 
a weight of 19,488 libs." 

There have been several experiments made on 
Malleable Iron, of various qualities, by different 
EiigioieeiiS4. 

Th0 mean of Mr. TelforiP^-esperimetit^ is 29^ tons^ 
The mean of f Captr £k. Brown- » do. is 25 dol^ 

anditfaameaii between these two meimfiyt i» Sirloin, 
nadiiy^: w^icb. magr, be. ai|i|imed as' dxemedhan 
stiauigtlv of a Malleable: Iroi^ Bav 1 inch square^ 
SfeMarbm^s Mide^ jD^jgv 235% 

F 3 
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STRENGTH OF MATERIALS. 



From a mean, derived by experiments, performed 
by Mr. Barlow, it appears that the strength of 
direct cohesion, on a square inch of 

Libs. 
Box . . is about . . 20,000 
Ash . . — . . 17,000 

Teak . . — . . 15,000 

Fir . . — . . 12,000 

Beech . . — . . 11,500 

Oak • .. — . . 10,000 

Pear . . — . . 9,800 

Mahogany — . . 8,000 

Each of these weights may be taken as a correct 
data for the cohesive strength of the wood to which 
they belong; but this is the absolute and ultimate 
strength of the fibres; and therefore, if the quanti^ 
that may be safely borne be required, not more 
than two-thirds of the above values must be used. 



TRANSVERSE STRENGTH OF BEAMS, 

BARS, &c. 

If a beam be supported at both ends, and loaded 
in the middle, it will bend; (which is called deflec- 
tion;) and if the load be increased, it will break, 
(which is called fracture.) — If a beam 2 inches deep 
and one inch broad, support a given weight, another 
beam of the same depth, and double the breadth, 
will support double the weight: — whence, beams of 
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the same depth are to each other as their breadths: — 
again, If a beam 2 inches deep, and 1 inch broad, 
support a given weight, another beam of 4 inches 
deep, and 1 inch broad, will support four times the 
weight; — hence, beams of equal breadths are to 
each other as the squares of their depths: — ^again. 
If a beam of a given cross section 1 foot long, sup- 
port a known weight, another beam of the same 
cross section but 2 feet long, will support only half 
the known weight: — hence, beams of equal dimen- 
sions are to each other inversely as their lengths; 
therefore, the strength of beams is directly as their 
breadths and square of their depths, and inversely 
as their lengths; and if cylindrical, as the cubes of 
their diameters. 

Practical Problems for the Transverse Strength 

of Timber,* 

table of multiplicands. 

English Oak 1426 

Canadian do 1766 

Ash 2026 

Beech 1556 

Elm ...... 1013 

Pitch Pine 1632 

Red Pine 1341 

Fir 1100 

Larch 1127 

* See Barlow's Essay on the itrength and stress of Timber, Art, 149. 
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PROBLEM I. 

To^find the ukimate transverse strength cf am/ tUc^ 
tangular Beam of Timber^ Juoed at- onejendf. and 
loaded, at the other. 

Rule. Multiply the number in the Table of 
Multiplicands, by the breadth and square of the 
depth, both in inches, and divide that product bj 
the length also in inches; the quotient will be the 
weight in libs.* 

EXAMPLE I. 

What weight will it require to break a^beani of 
Fir, the breadth being 2 inches, depth 6 inches, 
and length 20 feet? 

1100 X 36 X 2 



240 



= 330 libs. 



EXAMPLE IL 



What is- the weight requisite to break a beam of 
Ash, ^iufibes square, 3 feet from^tbe wall? 

5 



* n t 



* When the beam is loftded uniformly lliroughout its length, ^le 
same rule ifvitt^titt apply^ . only; ^ lenattniuit tedoutMb .. ' 
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PROBLEM II. 

To compute the ultimate transverse strength of ary 
Rectangular Beam^ when supported at both ends 
and loaded in the centre. 

Rule. Multiply the number in the Table of 
Multiplicands, by the square of the depth in inches, 
and four times the breadth; divide that product by 
the length in inches, and the quotient will be the 
weight. 

EXAMPLE L 

What weight will break a beam of English Oak 
7 inches broad, 9 inches deep, and 30 feet between 
the props? 

y^lA^^ = 8983 M libs. 

EXAMPLE XL 

A beam of Beech, 7 inches deep, 4 inches broad, 
and 10 feet long, supports a weight of 4 tons, what 
additional weight will require to be added to break 
the beam? 

1556 x^49 X 16 ^ ^^33^ _ ^^^^ ^ ^3^^ ,.j,^ 

When the beam is uniformly loaded throughout 
its length, the result must be doubled, i. e* it will 
support doable the weight. 
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When the beam is fixed at both ends and loaded 
in the middle, one*half of the result must be added; 
and if the weight is laid uniformly along its lengthy 
the result must be tripled. 

These Problems are taken from Barlow's Esday, 
as before quoted: he, however, gives a second Rule 
to each of the Problems, in which the angle d 
deflection is considered* These Rules give Jug^ier 
results than those here stated; but for practice the 
first Rule is the best, being more simple and safe» 

It is considered that two-thirds of the result is 
sufficient to lay upon a beam for a permanent load. 



Practical Problems Jbr the Transverse strength of 

Cast Iron Beams** 

PROBLEM I. 

To find the breadth of a uniform Cast Iron Beam to 
bear a given weight in the middle. 

Rule 1. Multiply the length of bearing in feet, 
or the length between the supports, by the weight 
to be supported in libs; and divide this product by 
850 times the square of the depth in inches; the 
quotient will be the breadth in inches required. 



* See Tredgold's Practical Essay oa.t2ieStrttiigih of Castlion, p. 80, 
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Rule 2. Multiply the length of bearmg in feet, 
by the weight to be supported in libs, and divide 
this product by 850 times the breadth in inc^hes; 
and the square root of the quotient will be the depth 
in inches. 

When no particular breadth or depth is deter- 
mined .by the nature of the situation for which the 
beam is intended, it will be found sometimes con- 
venient to assign some proportion; as, for example, 
let the breadth be the n^ part of the depth, n repre* 
senting any number at will. Then the Rule is as 
follows:— 

Multiply n times the length in feet, by the weight 
in libs; divide this product by 850, and the cube 
root of the quotient will be the depth required; and 
the breadth will be the n^ part of the depth. 

Note. It may be remarked here, that the Rules 
are the same for inclined^ as for horizontal beams, 
when the horizontal distance between the supports 
is taken for the length of bearing. 

EXAMPLE L 

'What is the breadth of a Beam 20 feet long, 15 
inches deep, and to be loaded with 13 tons? 

13 tons = 29120 libs. 

29120X 20 ^r... . ^ M. ^j 
15* X 850 

EXlAttPLE" n. 

What is the depth of a Beam 30 feet long, 3 
iivehes broad, and to support a waght of IS tons? 
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29120 X 2 „. ^, ^ r u- u • 

— Q^jT — q-'= 225, the square root of which is 

15 inches, the depth required. 



EXAMPLE III. 

What are the cross sectional dimensions of a 
Beam 30 feet long, and of sufficient strength to sup- 
port a weight of 10 tons; the depth being twice the 

breadth? n will therefore be = 2 „ 

10 tons = 22400 libs. Length = 30 30 X 2 = 60 

^^7v z= 1581, the cube root of which is nearly 

11^, which is equal to the depth in inches: the 
breadth is the half of the depth z= 5J inches. 

PROBLEM IL 

Tojind the breadth^ when the load is not in the middle 

between the supports. 

Rule. Multiply the short length by the long 
length, and four times this product divided by the 
whole length between the supports, will give the 
effective leverage of the load in feet; this quotient 
being used instead of the length, in any of the Rules 
in the foregoing Problem, the breadth and depth 
will be found by thei;a* 

EXAMPLE. 

What are the cross sectional dimensions of a 
Beam 12 feet long^ supporting a weight of 15 tons, 
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3 feet from the one end, when the breadth is a fourth 
of the depth? 

^^^^^ =9 9 X 4 = 36 15 tons = 33600 libs. 
12 

33600 X 36 ,^o« ,u u * r u- u 
5^7r = 1423, the cube root of which 

is = Hi, the depth: the breadth wiU bei^=2if 

PROBLEM III. 

Tojind the breadth nxihen the load is uniformly distri- 
buted over the length of the beam. 

Rule. The same Rules apply as in Prob. 1, 
only the divisor is changed from 850 to 1700, i. e. 
when the load is uniformly distributed over the 
length of the beam, it supports double the weight 
than when the load is laid on the middle. 

Note. Examples in Problem 1. apply to this 
Problem, only changing the divisors, or halving the 
quotients. 

PROBLEM IV. 

To^find the dimensions^ 'when a beam is Jixed at one 
end and loaded at the other ^ or when it is supported 
at the middle and loaded at both ends* 

RuLC. Take the horizontal length of the projec- 
tion of the beam, when fixed at one end, for the 
length, and apply the Rules in Prob. 1. only using 
the divisor 212 instead of 850. 

When the beam is supported any where between 
the two ends, multiply the length from the prop by 

G 
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the weight hung at the end, and apply the remainder 
of the Rule as in Prob. 1. only using 212 for 850. 

When the load is uniformly distributed over the 
length of the projection, employ 425 instead of 212 
as a divisor. 

Note. The Rules of this Problem apply to the 
teeth of wheels, the length being the length of the 
teeth, and the depth, the thickness of the teeth. 

Example to this Note, 

Let the greatest power acting at the pitch line of 
the wheel be 6000 libs, and the thickness of the 
teeth IJ inch, the length of the teeth being \ foot; 
What is the breadth of the teeth? 

6000 X^5 ^ 1500 ^ 3 1^ ^^^^^^ .^^ breadth; 
212 X 1.5^ 477 
but to allow for wearing by friction, this quotient is 
doubled, or 6^ inches ^ the breadth of the teeth, or 
face of the wheel. 

PROBLEM V. 

To Jtnd the diameter of a solid cylinder to sttpport a 
given weight in the middle — between the middle 
and the end — and when the weight is uniformly 
distributed over the length — also when Juved at one 
end. 

When the weight is placed in the middle. 
Rule. Multiply the weight in libs by the length 
in feet; divide this product by 500, and the cube 
root of the quotient will be the diameter in inches* 
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When the weight is between the middle and the end. 

Rule. Multiply the short end by the long end; 
then multiply that product by 4 times the weight in 
libs. Divide this product by 500 times the length 
in feet, and the cube root of the quotient will be the 
diameter in inches. 

When the load is uniformly distributed over the 

length. 

Rule. Multiply the length in feet by the weight 
in libs.9 and one-tenth of the cube root of the product 
will be the diameter in inches. 

When Jlxed at one end, and the load applied at the 

other. 

Rule. Multiply the length of projection in feet 
by the weight in Mbs, and the 5th part of the cube 
root of this product will be the diameter in inches. 

The Rules for the deflection of Beams and Bars 
are here omitted, being considered, that, in most of 
practical cases, the deflection is of little importance; 
however, when it is of importance, reference to Bar- 
low's Essay on the strength of Timber, and Tred- 
gold's Essay on the strength of Iron, will satisfy all 
inquiries. These books ought to be in the posses- 
sion of every Mechanic, as they give the most com- 
prehensive and most correct data, for the strength 
of materials, of any that have yet appeared. 

G2 
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STRENGTH OF THE JOURNALS OF SHAFTS. 



LATERAL STRENGTH. 

The Rules in Problem 5. of last article, can be 
here applied. Mr. Robertson Buchanan, in his 
Essay on the Strength of Shafts, uses the following 
Rule, which is simple enough, and easy to be re- 
membered; but the above-mentioned Rules are the 
most correct, and ought to be used on all occasions. 
Mr. Buchanan's Rule is, — " The cube root of the 
weight in cwts. is nearly equal to the diameter df 
the Journal." — " Nearly equals — being prudent to 
make the Journal a little more than less, and to 
make a doe allowance for wearing." 

EXAMPLE. 

What is the diametet of the Journal of a Water 
Wheel Shaft, 13 feet l6ng, the weight of the Wheel 
J3eing 15 totis? 

By Mr. B.'s Rule. ^ 15x20=6.7 or 7 inches diam'- 

By Mr. Tredgold's Rule. 
ZZ^. 1 ^^^§Sf^=8^« ^ W=9i inches di.«r. 



^^SbS^^^j 33600x13=436800 ^ 436800 _^ ^^^^ 
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TO RESIST TORSION OR TWISTING. 

It is obvious that the strength of revolving Shafts 
are directly as the cubes of their diameters and 
revolutions; and inversely, as the resistance they 
have to overcome. 

Mr. Robertson Buchanan, in his Essay on the 
strength of Shafts, gives the following data, deduced 
from several experiments, viz. That the Fly Wheel 
Shaft of a 50 horse power engine, at 50 revolutions 
per minute, requires to be 7^ inches diameter, 
and therefore, the cube of this diameter, which 
is = 421.875, serves as a multiplier to all other 
shafts in the same proportion; and taking this as a 
standard, be gives the following Multipliers, viz. 
For the Shaft of a Steam Engine, Water -^ 

Wheel, or any Shaft connected with a > 400 

first power, - - - - - j 
For Shafts in inside of Mills, to drive smaller-^ 

Machinery, or connected with the Shafts > 200 

above, ------ J 

For the small Shafts of a Mill or Machinery, 100 

From the foregoing, the following Rule is de- 
rived, viz. 

The number of horses' power a Shaft is equal t(^ 
is directly as the cube of the diameter and number 
of revolutions; and inversely, as the above Multi- 
pliers. 

Note. Shafts here are understood as the Journals 
of Shafts, the bodies of Shafts being generally made 
square. ' 

G3 
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EXAMPLE I. 



When the Fly Wheel Shaft of a 45 horse power 
Steam Engine makes 90 revolutions per minute, 
what is the diameter of the Journal? 



45 X 400 
90 



= 200 v' 200 = 5^ inches diameter. 



EXAMPLE II. 




The velocity of a Shaft is 80 revolutions per min- 
ute, and its diameter is 3 inches: What is its power? 

3' X 80 



400 



= 5.4 horse power. 



EXAMPLE III. 

What will be the diameter of the Shaft in the 
first Example, when used as a Shaft of the second 
Multiplier?* 

-^ = 4.64, or 5 M5 X 200 -_ ^ j^^^j^^ diameter. 
1.25 V 90 

The following is a Table of the diameters of 
Shafts, being the First Movers, or having 400 for 
their multipliers* 

* The diameters of the second movers will be found 
by dividing the numbers in the Table by 1.25, and the 
diameters of the third movers, by dividing the numbers 
by 1.56. 
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It is a well known fact, that a cast iron rod will 
sustain more torsional pressure, than a malleable 
iron rod of the same dimensions* — That is, a mal- 
leable iron rod will be twisted by a less weight than 
what is required to wrench a cast iron rod of the 
same dimensions. 

When the strength of malleable iron is less than 
that of cast iron to resist torsion; it is stronger than 
cast iron to resist lateral pressure, and that strength 
is in proportion as 9 is to 1.4. 

From the foregoing, it is easy for the Mill-wright 
to make his Shafts of the iron best suited to over- 
come the resistance to which they will be subject, 
and the proportion of the diameters of their Jour- 
nals, according to the iron of which they are made: — 
for example; What will be the diameter of a mal- 
leable iron Journal, to sustain an equal weight with 
a cast iron Journal of 7 inches diameter? 

7' = 343 



14 : 343 : : 9 : 220J now ^ 220.5 =z 6.04 inches 
diameter. 
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STRENGTH OF WHEELS. 



The arms of Wheels are as levers fixed at one end 
and loaded at the other, and consequently the greats 
est strain is upon the end of the arm next the axle; 
for that reason all arms of wheels should be strongest 
at that part, and tapering towards the rim. 

The Rule for the breadth and thickness of arms, 
according to their length and number in the wheel, 
is as follows: (See TredgoldHs Essay, page 114.) 
Multiply the power or weight acting at the end of 
the arm by the cube of its length; the product of 
which, divided by 2656 times the number of arms 
multiplied by the deflection, will give the breadth 
and cube of the depth. 

EXAMPLE. 

Suppose the force acting at the circumference of 
a spur wheel to be 1600 libs, the radius of wheel 
6 feet, and number of arms 8, and let the deflection 
not exceed ^ of an inch. 

1600 X 6^ 

o^Kfi — Q f = 1^^ = breadth and cube of the depth. 

ADOt> X c> X •! 

Let the breadth be 2.5 inches, therefore -—- = 65.2, 

which is equal to the cube of the depth: now the 
cube root of 65.2 is nearly 4.03 inches; this, conse- 
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quently, is the depth, or dimension, of each arm in 
the direction of the force. 

Note. When the depth at the rim is intended 
to be half that of the axes, use 1640 as a divisor 
instead of 2656. 

The teeth are as beams, or cantilevers, fixed at 
one end and loaded at the other, the Rule applying 
direct to them (See Tredgold^s Essay^^Art. 121) where 
the length of the beam is the length of the teeth, 
and the depth, the thickness of the teeth. For the 
better explanation of the Rule the following Exam- 
ple is given. 

EXAMPLE. ^ 

The greatest power acting at the pitch line of the 
wheel is 6000 libs, and the thickness of the teeth 
1^ inch, the length of the teeth being 0.25 feet; it is 
required to determine the breadth of the teeth? 

^"^" ^ ^; = -^ = 3.2 inches the breadth 
212 X 1.5^ ^^^ 

required. 

In order that the teeth may be capable of offering 
a sufficient resistance after being worn by friction, 
the breadth thus found should be doubled; there- 
fore, in the above Example, the breaddi should be 
6.4, or say 6J inches. 

Mr. Carmichael* gives the following data, gleaned 
from experiments, which is therefore valuable, and 
of much use to the practical mechanic. 



* See Robertson Buchanan on the Teeth of Wheek. 
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Rui^E. Multiply the breadth of the teeth by the 
square of the thickness, and . divide the product by 
the length; the quotient will be the proportional 
strength in horses' power, with a velocity of 2.27 
feet per second. 

EXAMPLE. 

What is the power of a wheels the teeth of which 
are 6 inches broad, 1.5 inch thick, ^pd 1.8 inch 
long, and revolving at the velocity of 3 f^t per 
second? 



— '—f-Q — =-Y-^= 7.5 strength at 2.27 feet per sec. 
then 2.27 : 7.5 : : 3 = '^'^ ^ ^ z= 9.91 horse-power. 

Rule. The pitch is found by multiplying the 
thickness by 2.1, and the length is found by fnulti- 
plying the thickness by 1.2. 



EXAMPLE. 

• • • - , «..■'.•.• 



The thickness being 2 inch^ what is the pitch 
and length? 

f 

2 X 2.1 z= 4.2 Pitch. 
2 X J.8 X 2.4 Xength. 



. I 



Note. The breadth of the teeth, as commonly 
executed by the best Masters, seems to be from 
about twice to thrice the pitch. 
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Pitch 

in 
Inches. 


Thick- 
ness 
in 
Inches. 


Breadth 

in 
Inches. 


Length 

in 
Inches. 


Horses 

Power 

at 2.27 feet 

F Second. 


H. p. 

at 3 feet 
IP* Second. 


H. P. 

at 6 feet 
F Second. 


H. P. 

at 11 feet 

F Second. 


4.2 


2. 


8. 
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13.33 
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7.2 


2.16 


10.80 
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9.63 


12.72 


25.54 


46.68 


3.36 


1.6 


6.4 


1.92 


8.53 


11.27 


22.54 


41.32 


3.15 


1.5 


6. 


1.80 


7.50 


9.91 


19.82 


36.33 


2.94 


1.4 


5.6 


1.68 


6.53 


8.63 


17.26 


31.64 


2.73 


1.3 


5.2 


1.56 


5.63 


7.44 


14.88 


27.28 


2.52 


1.2 


4.8 


1.44 


4.80 


6.34 


12.68 


23.24 


2.31 


1.1 


4.4 


1.32 


4.03 


5.32 


10.64 


19.54 . 


2.10 


1. 


4. 


1.20 


3.33 


4.40 


8.81 


16.15 


1.89 


.9 


3.6 


1.08 


2.70 


3.57 


7.14 


13.09 


1.68 


.8 


3.2 


.96 


2.13 


2.81 


5.62 


10.33 


1.47 


.7 


2.8 


.84 


1.63 


2.15 


4.30 


7.88 ' 


1.26 


.6 


2.4 


.72 


1.20 


1.59 


3.18 


5.83 


1.05 


.5 


2. 


.60 


.83 


1.10 


2.20 


4.03 



H 
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VELOCITY OF WHEELS. 



Wheels are for conveying motion to the different 
parts of a machine, at the same, or at a greater or less 
velocity, as may be required. — When two wheels are 
in motion their teeth act on one another alternately, 
and consequently, if one of these wheels has 40 teeth, 
and the other 20 teeth, the one with 20 will turn 
twice upon its axis, for one revolution of the wheel 
with 40 teeth. — From this the Rule is taken, which 
is, — As the velocity required is to the number of 
teeth in the driver, so is the velocity of the driver to 
the number of teeth in the driven. 

Note. To find the proportion that the velocities 
of the wheels in a train should bear to one another, 
subtract the less velocity from the greater, and di- 
vide the remainder by the number of one less than 
the wheels in the train; the quotient will be the 
number rising in Arithmetical progression, from the 
least to the greatest velocity of the train of wheels. 
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EXAMPLE I. 

What is the number of teeth in each of three 
wheels to produce 17 revolutions per minute, the 
driver having 107 teeth, and making 3 revolutions 
per minute? 

17 — 3 = 14 ^ . ^ , , 

g 1 — "o = ' therefore 3 10 17 are the velo- 
cities of the three wheels. 



By the Rule. 



1 07 V ^ 
10:107:: 3:32= i^il^ =32 teeth. 

10 

17: 32:: 10 .19 =''-±11^=19 teeth. 

17 



EXAMPLE IL 

What is the number of teeth in each of 7 wheels, 
to produce 1 revolution per minute, the driver hav- 
ing 25 teeth, and making 56 revolutions per minute? 

56 — 1 = 55 _^ therefore 56 46 37 28 19 10 1, 
7 — 1 = 6 ' ' 

are the progressional velocities. 



46 
37 
28 
19 
10 
1 



25 
30 
37 

49 

72 

137 



56 
46 
37 
28 
19 
10 



30 Teeth. 

37 

49 

72 

137 

1370 



It will be observed that the last wheel, in the fore- 
going Example, is of a size too great for application; 

H2 
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to obviate this difficulty, which frequently arises in 
this kind of training, wheels and pinions are used, 
which give a great command of velocity. — Suppose 
the velocities of last Example, and the train only of 
2 wheels and 2 pinions. 

1 Z "q = ^^» therefore 56 19 1, are the 

progressional velocities. 

19 : 25 : : 56 : 74 = teeth in the wheel driven 
by the first driver, and 1 : 10 : : 19 : 190 = teeth, 
in the second driven wheel, 10 teeth being in the 
driving pinion. - 25 drivers 74 driven. 

10 190 



The following is a Table of the Radii of Wheels, 
from ten to three hundred teeth, the pitch being 
2 inches. 

The radius for any other pitch may be found by 
the following analogy: — As two Inches is to the 
Radius in the Table, so is the new Pitch to the new 
Radius. 
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TABLE. 


1 






No. 


Radius 


No. 


Radius 


No. 


Radius 


No. 


Radius 


of 


in 


of 


in 


of 


in 


of 


in 


Teeth 
10 


Inches. 


Teeth 


Inches. 


Teeth 


Inches. 


Teeth 
118 


Inches. 


3.236 


46 


14.654 


82 


26.108 


37.565 


11 


3.549 


47 


14.972 


83 


26.426 


119 


37.883 


12 


3.864 


48 


15.290 


84 


26.741 


120 


38.202 


13 


4.179 


49 


15.608 


85 


27.063 


121 


38.520 


14 


4.494 


50 


15.926 


86 


27.381 


122 


38.838 


15 


4.810 


51 


16.244 


87 


27.699 


123 


39.156 


16 


5.126 


52 


16.562 


88 


28.017 


124 


39.475 


17 


5.442 


53 


16.880 


89 


28.336 


125 


39.793 


18 


5.759 


54 


17.198 


90 


28.654 


126 


40.111 


19 


6.076 


55 


17.517 


91 


28.972 


127 


40.429 


20 


6.392 


56 


17.835 


92 


29.290 


128 


40.748 


21 


6.710 


57 


18.153 


93 


29.608 


129 


41.066 


22 


7.027 


58 


18.471 


94 


29.927 


130 


41.384 


23 


7.344 


59 


18.789 


95 


30.245 


131 


41.703 


24 


7.661 


60 


19.107 


96 


30.563 


132 


42.021 


25 


7.979 


61 


19.425 


97 


30.881 


133 


42.339 


26 


8.296 


62 


19.744 


98 


31.200 


134 


42.657 


27 


8.614 


63 


20.062 


99 


31.518 


135 


42.976 


28 


8.931 


64 


20.380 


100 


31.836 


136 


43.294 


29 


9.249 


65 


20.698 


101 


32.155 


137 


43.612 


30 


9.567 


66 


21.016 


102 


32.473 


138 


43.931 


31 


9.885 


67 


21.335 


103 


32.791 


139 


44.249 


32 


10.202 


68 


21.653 


104 


33.109 


140 


44.567 


33 


10.520 


69 


21.971 


105 


33.427 


141 


44.885 


34 


10.838 


70 


22.289 


106 


33.746 


142 


45.204 


35 


11.156 


71 


22.607 


107 


34.064 


143 


45.522 


36 


11.474 


72 


22.926 


108 


34.382 


144 


45.840 


37 


11.792 


73 


23.244 


109 


34.700 


145 


46.158 


38 


12.110 


74 


23.562 


110 


35.018 


146 


46.477 


39 


12.428 


75 


23.880 


111 


35.337 


147 


46.795 


40 


12.746 


76 


24.198 


112 


35.655 


148 


47.113 


41 


13.064 


77 


24.517 


113 


35.974 


149 


47.432 


42 


13.382 


78 


24.835 


114 


36.292 


150 


47.750 


43 


13.700 


79 


25.153 


115 


36.611 


151 


48.068 


44 


14.018 


80 


25.471 


116 


36.929 


152 


48.387 


45 


14.336 


81 


25.790 


117 


37.247 


153 


48.705 



H3 
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No. 


Radius 


No. 


Radius 


No. Radius 


No. 


Radius 


of 


in 


of 


in 


of in 


of 


in 


Teeth 


Inches. 


Teeth 


Inches. 


Teeth 
228 


1 Inches. 


Teeth 


I Inches. 


154 


49.023 


191 


60.800 


72.577 


265 


84.354 


155 


49.341 


192 


61.118 


229 


72.895 


266 


84.673 


156 


49.660 


193 


61.436 


230 


73.214 


267 


84.991 


157 


49.978 


194 


61.755 


231 


73.532 


268 


85.309 


158 


50.296 


195 


62.073 


232 


73.850 


269 


85.627 


159 


50.615 


196 


62.392 


!233 


74.168 


270 


85.946 


160 


50.933 


197 


62.710 


234 


74.487 


271 


86.265 


161 


51.251 


198 


63.028 


235 


74.805 


272 


86.582 


162 


51.569 


199 


63.346 


236 


75.123 


273 


86.900 


163 


51.888 


200 


63.665 


237 


75.441 


274 


87.219 


164 


52.206 


201 


63.983 


238 


75.760 


275 


87.537 


165 


52.524 


202 


64.301 


239 


76.078 


276 


87.855 


166 


52.843 


203 


64.620 


240 


76.397 


277 


88.174 


167 


53.161 


204 


64.938 


241 


76.715 


278 


88 462 


168 


53.479 


205 


65.256 


242 


77.033 


279 


88.810 


169 


53.798 


206 


65.574 


243 


77.351 


280 


89.129 


170 


54.116 


207 


65.893 


244 


77.670 


281 


89.447 


171 


54.434 


208 


66.211 


245 


77.988 


282 


89.765 


172 


54.752 


209 


66.529 


246 


78.306 


283 


90.084 


173 


55.071 


210 


66.848 


247 


78.625 


284 


90.402 


174 


55.389 


211 


67.166 


248 


78.943 


285 


90.720 


175 


55.707 


212 


67.484 


249 


79.261 


286 


91.038 


176 


55.026 


213 


67.803 


250 


79.580 


287 


91.357 


177 


55.344 


214 


68.121 


251 


79.898 


288 


91.675 


178 


56.662 


215 


68.439 


252 


80.216 


289 


91.998 


179 


56.980 


216 


68.757 


253 


80.534 


290 


92.312 


180 


57.299 


217 


69.075 


254 


80.853 


291 


92.630 


181 


57.617 


218 


69 394 


255 


81.171 


292 


92.948 


182 


57.935 


219 


69.712 


256 


81.489 


293 


93.267 


183 


58.253 


220 


70.031 


257 


81.808 


294 


93.585 


184 


58.572 


221 


70.349 


258 


82?126 


295 


93.903 


185 


58.890 


222 


70.667 


259 


82.444 


296 


94.222 


186 


59.209 


223 


70.985 


260 


82.763 


297 


94.540 


187 


59.527 


224 


71.304 


261 


83.081 


298 


94.858 


188 


59.845 


225 


71.622 


262 


83.399 


299 


95.177 


189 


60.163 


226 


71.941 


263 


83.717 


300 


95.495 


190 


60.462 


227 


72.258 


S64 


84.038 
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CENTRE OF GRAVITY. 



The centre of Gravity of a body is that point, which, 
if sustained, the body remains at rest; the particles 
of which it is composed being equipoised, and having 
their weights collected, as it were, into that point. 

Bodies are reciprocal to each other as their dis- 
tances from the centre of gravity. — Suppose a rod 
11 inches long, with a weight of 2 libs hung at the 
one end, and a weight of 20 libs hung at the other 
end, the centre of gravity, or the point on which 
this rod so loaded, will balance itself, is just 1 inch 
from the greater weight, and 10 inches from the less, 
because, 20 x 1 = 20, and 2 x 10 =z 20, therefore, 
their weights are inversely as their distances from 
the centre of gravity. — Hence, the method to find 
the common centre of gravity of any number of bo- 
dies, is, first find the centre between two bodies, 
then the centre between that centre and a third 
body, and so on* for a fourth, fifth, &c.; the last 
centre found being the common centre of all the 
bodies. 

From the foregoing it will easily be conceived, 
that if a homogeneous beam is balanced upon a 
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point, that point will be the centre of gravity, and 
also the centre of the beam; but suppose the beam 
10 feet long, each foot weighing 8 libs, and a weight 
of 90 libs suspended from the one end, at what point 
of the beam will the centre of gravity be? 

10 feet, length of beam. — 8 libs each foot in length. 

90 libs weight suspended. 



8 X 10 + 2 X 90 10 _ 260 

,8 X 10 + 90 ^2" -Tro ^ ^ " ^-^^ 

-I- 2.35 =10 feet length of beam, that is, the centre 
of gravity is 2.35 feet from the end at which the 
weight of 90 libs is suspended, and will be 7.65 feet 
from the other end. 

Suppose another homogeneous beam, 12 feet long, 
with a weight of 100 libs fixed at one end, it is found 
that the whole is in equilibrio when the beam is 
suspended 2 feet from the end next the weight; 
what is the weight of the beam? 

100 libs weight suspended. 

2 feet distance from the weight. 

10 feet distance from the other end. 

2 X 100 X 2 400 . ,_ ,.. , . u^ r 

=-TrT- = 4.166 libs the weight of 

100 — 4 96 ^ 

1 foot of beam, and 4.166 X 12 = 49.992 libs, the 

weight of the beam. 

It is well known to every practical Mechanic, that 
there are no homogeneous beams or bars: — that it is 
impossible to find the weight of a foot of length, in 
a piece of wood, iron, stone, &c. and that the exact 
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centre of gravity of such materials cannot be found 
by any known theorem. To obviate this difficulty, 
and ascertain the true centre of gravity, the beams, 
bars, &c. are balanced over a prop: but there are 
many large unwieldy bodies that cannot be thus 
treated, and for this reason the following data are 
given, which ascertain nearly the centre required; 
the data being taken, which are nearest the form 
and distribution of weight over the body, of which 
the centre of gravity fs required. 

1. The centre of gravity of a triangle is in the 
straight line, drawn from any angle to the bisection 
of the opposite side, at the distance of f of that line 
from the angle. 

This rule is also true with regai-d to a pyramid of 
any number of sides; also to a cone. 

2. The centre of gravity of a segment of a circle, 
is in the radius which bisects it; and its distance 
from the centre of the circle, is -j^ of the cube of its 
cord divided by the area of the segment. 

3. The centre of gravity of a sector of a circle is 
in the radius which bisects it; and its distance from 
the centre of the circle, is a fourth proportional to 
the arc, its chord, and f of the radius. 

For further information in this article, see Hut' 
iofCs Mathemathicsj Banks on MiUs^ Venturol^s Me* 
chanics by Cresswellj S^x. 
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CENTRE OF PERCUSSION. 



The centre of Oscillation or Percussion, is the point 
in a body revolving round a fixed axis, so taken, th&t 
when it is stopped by any force, the whole motion, 
and tendency to motion, of the revolving body, is 
stopped at the same time. 

It is also that point of a revolving body, which 
would strike any obstacle with the greatest effecti 
end from this property, it has received the name of 
percussion. 

The centres of oscillation and percussion are gener- 
ally treated separately; but the two centres are in 
the same point, and therefore their properties are 
the same. 

As in bodies at rest, the whole weight may be 
considered as collected in the centre of gravity; bo 
in bodies in motion, the whole force may be consider- 
ed as concentrated in the centre of percussion: — 
therefore, the weight of the rod multiplied by the 
distance of the centre of gravity from the point of 
suspension, will be equal to the force of the rod 
divided by the distance of the centre of percussion 
from the same point. For example, the length of 
a rod being 20 feet, and the weight of a foot in 
length equ^ to 100 oz.; also a weight or ball fixed 
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at under end weighing 1000 oz.; at what point of 
the rod from the point of suspension will be the 
centre of percussion?* 

The weight of the rod is 20 X 100 = 2000 oz. 
which multiplied by half its length 2000 x 10 
= 20000, gives the momentum of the rod. The 
weight of the ball = 1000 oz. multiplied by the 
length of rod z= 1000 X 20, gives the momentum 
of the ball. Now the weight of the rod multipli- 
ed by the square of the length, and divided by 

3 = 2000 X 202 «^^^^^ ,, r r .u J 
^ = 2666669 = the force of the rod, 

and the weight of the ball multiplied by the square 
of the length of the rod, 1000 x 20® = 400000, 
is the force of the ball: — therefore the centre of 

266666+400000 666666 ,^^^^ , 
percussion = 20OOO+ 20000 =^40000= ^^'^^ ^^*- 

For another example; suppose a rod 12 feet long, 
and 2 lbs. each foot in length, with 2 balls of 3 lbs. 
each, one fixed 6 feet from the point of suspension, 
and the other at the end of the rod; what is the 
distance between the points of suspension and per- 
cussion ? 

12 X 2X6= 144 momentum of rod. 
3x6 z= 18 do. of 1st. ball. 

3 X 12 z= J|6 do. of 2d. do. 

198 



*fl = 20 feet long. -j jabxa^+ca^ 

h = 100 oz. wt. of a foot in length. > ^ab x « +flc "" 
c = 1000 do. fixed at end. J tre of percussion. 
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^^ ^ ^^ = 1162, force of rod, 

3 X 36 = 108 do. of 1st. ball. 
3 X 144 = J32 do. of 2d. ball. 

1692 

therefore the cend*e of percussion = — iqq"= 8.545 
feet from the point of suspension. 

As the centre of percussion is the same with the 
centre of gravity in the non-application to practical 
purposes, the following is the easiest and simplest 
mode of finding it in any beam, bar, &c. 

Susp^id the body very freely by a fixed point, 
and make it vibrate in small arcs, counting the 
number of vibrations it makes in any time, as a 
minute, and let the number of vibrations made in 
a minute be called ti; then shall the distance of 
the centre of oscillation from the point of suspension 

be 2 — = inches. — For the length of the pendu- 
lum vibrating seconds, or 60 times in a minute, be- 
ing 39^ inches; and the lengths of the pendulums 
being reciprocally as the square of the number 
of vibrations made in tlje" same time: — therefore, 

o ^^o «^i 602 X 394 140850 , . , 
n^ : 602 : : 39^ :- ^ ^ = ^ — bemg the 

length of the pendulum which vibrates n times in a 
minute, or the distance of the centre of oscillation 
belowthe axis of motion. 

There are many situations in which bodi^ are 
placed, that prevent the application of tl\<^, above 



rule; and for this reason the following data are 
given, which will be found usefiil when the bodies 
and the forms here given correspond. 

1. If the body is a })^avy^ straight line oi$ uniform 
density, and is suspended by one extremity, the 
distance of its centre of percussion is fds of its 
length. 

2. In a slender rod of a cylindrical or prismatic 
diape, whose breisidth is Very small compared with 
its length, has the distance of its centJ^ of percus-^ 
dion nearly fds of its length from the axis of sus- 
pension. 

If these rods were formed so that all the points 
of their transverse sections were equidistant from 
the axis of suspension, the distance of the centre 
of percussion would be exactly |ds of their length. 

3. In an Isosceles Triangle, suspended by its 
apex, and vibrating in a plane perpendicular to 
itself, the distance of the centre of percussion is |ths 
of its altitude. A line or- rod, whose density varies 
as the distance from its extremity, or the point 6f 
siispension ; also a Jty^wheel^ or wheels in gen^rai^ is 
in precisely the same predicament as the Isosceles 
Triangle; i. e. the centre of percussion is distant 
from the centre of suspension |ths of its length. 

4. In a very slender cone or pyramid^ vibrating 
about its apex, the distance of its centre of percus- 
sion is nearly |nhs of its length. 

See Edinburgh Enct/.i Article^ Centre of Percussion, 
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CENTRE OP GYRATION. 



The centre of Oscillation already described, is the 
point into which all the matter of a body is collected, 
when the body is put in motion by its own gravity; 
and the centre of Gyration is the point into which 
all the matter of a body is collected, when it is put 
in motion by any extraneous force, 

If a straight bar, equally thick, was struck at the 
centre of gyration, the stroke would communicate 
the same angular velocity to the bar, as if the whole 
bar was collected in that point. 

The force of any particle revolving round a cen- 
tre, is, as that particle multiplied by the square of 
its velocity, or of its distance from the centre of 
motion; consequently, the force required to destroy 
that motion must be equal to it 

For example; suppose a bar of a uniform den- 
sity 12 feet long, and each foot weighing 7 libs, and 
revolving upon a centre 3 feet from the one end; at 
what distance will the centre of gyration be from 
the centre of motion? 

a = 9 feet long end. 

i = 3 do. short end. 

c = 7 libs each foot. 
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9X7= 63, weight of long end. 

3X7 = 21, weight of short end. 
63 X 9^ =: 5103, force of long end. 
21 X 3* = 189, do. of short end. 

n . c .• / 5103+189 . . ^ , - 

Centre of gyration ^ 3x634-21 " "^ 

centre of motion.* 

For another exkmple — Let the same bar have a 
weight of 50 libs at each end, then at what distance 
will the centre of gyration be from the centre of 
motion? 

a = 9 feet, long end. 
b zz S do. short end. 
c = 7 libs each foot 
d zz 50 libs weight at long end. 
e = 50 libs weight at short end. 
z = distance of centre of gyration from centre of 
motion. 

63 X 92 = 5103, force of long end. 

21 X 32 = 189, do. of short end. 

50 X 9^ = 4050, do. of weight on long end. 

50 X 3^ = 450, ' do. of weight on short end. 



-^-+-3-=flc+kx^«or«:=:V^^^^^-^ ^ being 

the centre of gyration. 

12 
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/S X 4050 +"450 + 5103 + 189 _ /18792 _ 
3 X 50 + 50 + 68 + 21 
distance. between the centres.* 



^3x50 + 50 + 68 + 21 ""^552 ^ ^'^ 



The centre of gyration, with respect to practical 
utility, is the same as the two foregoing centres. 
The following Rule is the easiest mode of ascertain- 
ing the centre of gyration. 

** If the distance of the centre of oscillation from 
the centre of the system, or point of suspension, b^ 
multiplied by the distance of the centre of gravity 
from the same point, the square root of the product 
will be the distance of the centre of gyration, u e. 
let the centre of gravity be 4, and the centre of os- 
cillation 9, then 4 x ^ = 36, and the square root 
of that is 6; therefore 6 is the distance that the 
centre of gyration is from the point of suspension/' 



* da^ + -Q + ^^^ + Q- = the force of the whole 

revolving round the centre of motion^ and which must 
be equal to ac + d + 6c + e X Z^, therefore 

Z2 x ac + d + bc + e = da^ + eb^ + ^jL+^^ or 

„ 3da^+eb^+ca^+cb^ 

Z^=-= , and 

Sac+d+bc+e 

■^'^ Sac+d+bc+e .' 
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The following note is given by Dr. Hutton, in the 
3d voU of his Math. art. max. of Machines, p. 244. 

The distance of r, the centre of gyration, from 
c the centre or axis of motion, in some of the most 
useful cases, is as below. 

In a circular wheel of uniform! _ j yi 
thickness j '2* 

In the periphery of a circle revol-l cR=irad a/^ 
ving about the diameter . J 

In the plane of a circle ditto . cr=^ rad. 

In the surface of a sphere ditto . CR=rad. ^f. 

In a solid sphere . . ditto • CR=rad. ^f-. 

In a plane ring formed of circles ^ 

whose radii are r, r, revolving > cr=^-— ^ — ^-g- 

about centre 3 "^ 

In a cone revolving about its vertex cR=^\/y^a^+fr*. 

In a cone .... its axis . cR=r>v/-^* 

In a straight lever whose arms are "I r^ +r^ 



Randr J ^*-'^S(R+r) 



j CR = ^3(^ 



SUMMARY. 

If p be any particle of a body b, and d its distance 

from the axis of motion s, also o o r the centres of 

Gravity, Oscillation, and Gyration. Then the centres of 

Td 
Gravity will be = — = g. 

Percussion do. = = n. 

SOB 

Gyration do. = ^ — = r. 

For ample Explanations and Examples of the fore- 
going Centres, See, HuttonU Mathemfxtic^^ Banks on 
MOUy Sfc. I 3 
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1. The quantity of matter in a body is as its 
magnitude and density; that is, if a body measures 
7 cubic feet, and a cubic foot' weighs 10 libs, the 
quantity of matter in that body will be =: 7 X 10 
=z 70 libs. 

2. AH bodies naturally endeavour to continue in 
their present state, whether of rest or motion. 

3. Wjten ^ body at rest is struck by a force so as 
to produce ipotion, that motion is in proportion to 
the force, and in the direction of the right line in 
whiqh it acts. 

4. Action and Reaction between any two bodies, 
are equal and contrary; that is, by Action and Re- 
action equal changes of motion are produced in 
bodies acting o^ eaqh other; and these changes are 
directed towards opppsite of contrary parts. 

5. The Momenta, or quantities of motion in 
moving bodies, are as their masses and velocities; 
for a body of 20 libs, 'moving at a velocity of 10 feet, 
will have a momentum of 200; but a body' of 6 libs, 
moving at the same -velocity, will have only 60 for 
its momentum. " a ' 

6* A.bodyjk^oidng liound ji>oent^fiK'{)aiiit.ind 
to fly off in a straight tine^ from the first impulse o£ 



t* 



\ "f 
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motion; the force which causes it to leare that line, 
or move in a circle round the point, is called the 
Centripetal; and the resistance which it affords, the 
Centrifugal force; or, in other words, when a body 
revolves round its centre of motion, the centrifugal 
force is that power or tendency which the body has 
to burst or fly asunder; and the centripetal force, 
IS that power which keeps the body from bursting 
or flying asunder. 

It is evident from the last remark, that the greater 
the velocity, the greater will be the centrifugal force; 
and from the 5th remark, the greater the mass, the 
greater the momentum; therefore, as is the weight 
and velocity of the revolving body, so is the centri?* 
fu&:al force. 

Suppose two fly-wheels of the same weight, one 
of them 12 feet diameter, and revolving in 8 seconds; 
what must be the diameter of the other, when it re- 
volves in 3 seconds? 

The diameter and velocity of the first, must be 
equal- to the diameter and velocity of the second; 

12 X 3^ 



therefore as 8^ : 12 : : 3® to the diameter = 



8« 
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«- ..^^,2*- 1.6875 foot, the diameter of the second 
64 

' • ■ ' ' ' ' 

fly-wheel at the circle of percussion. 

Again, suppose tWo fly-wheels of the same diame^ 
tei^ thie.iohe revolving in 3 seiaonds, asd.the other 
in. 8i seconds; .what .will be the jdifierence of tUeir: 
weights? 
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As 3' : 8^ SO is the weight of the one, to the 

weight of the other. 

8* 64 

— = — = 7^, their weights will be to each other 

as 7^ is to 1; and by knowing the weight of the 
second, and dividing it by 7^, will give the weight 
of the first. 

In the two preceding Examples, weight and velo- 
city are taken separately, — The following Examples 
give the centrifugal force, when both weight and 
velocity are used. 

Required the centrifugal force of a fly-wheel, di- 
ameter 16 feet, velocity 50 revolutions per minute, 
and weight 3^ tons? 

3.1416 z= circumference of a circle the diameter .1. 
16 feet = space a body falls through in 1 second 
of time. 

.833 = time of one revolution. 

1 6 X 3.141 6g 157.9136 

16 X .833« = Tm^ = ^^-^^ ^^ ^^ ''''^' 
in tons, the wt being 3^ tons; therefore 3.5 X 14.21 
= 49.73 tons, the centrifugal force. 

The stones on which they grind table-knives at 
Sheffield, are about 44 inches diameter, and weigh 
about half a ton; the velocity of the circumference is 
at the rate of 1250 yards in a minute^ equal to 326 
revolutions; required the centrifugal force? 

22^ X 2 = 968, the square root of which is 31.1 
inches, or 2.59 feet, the diameter of the circle of 
gyration. 
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As 326 : 60 :.: 1 : .184 seconds^ the time of one 
revolution. . 

2.59 X 3,14162 25.5622 ^^ ,o • 
16 X. 1842 =-:^4l69- = ^^'^^ ^^"^^ ^^^ 
weight of the stone: the stone is .5 ton, therefore 

47.18 X •d = 23^ tons centrifugal force. 

Banks. 



MOTION, RESISTANCE, AND EFFECT OF 

MACHINES. 

Various as the modifications of Machines are, and 
innumerable. their difiPerent applications; still there 
are only three distinct objects to which their utility 
tends. 

The first is, in furnishing the means of giving to 
the moving force the most commodious direction; 
and when it can be done, of causing its action to be 
applied immediately to the body to be moved* 
Thiese can rately be united; biit the former can be 
aecompliriied in most cases. 

The second, in accommodating the velocity of the 
work to be performed, to the velocity with which 
alone a natural power can act. 

r The ^ third, and most, essential advantage of ma« 
cUhes^ isanv augmenting^ or<rather in modifying die 
energy of the moving power, in such a manner^ that 
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it may produce effects of which it would have been 
otherwise incapable. For *^ instance, a man might 
with exertion lift 4 cwt; but let him apply a lever, 
and he will lift many times that weight. 

The motions produced by machines are of three 
kinds, viz. Accelerated, Uniform, and Alternate^ 
f. e. accelerated and retarded. The first of these 
always takes place when the moving power is imme- 
diately applied; the second, after the machine has 
been in motion for a short time; the third, in in- 
termitting machines, such as pendulum clocks, &c.; 
but though a second's pendulum is accelerated the 
first half second, and retarded the next; still it pro- 
duces a constant number of vibrations in a given 
time, and therefore may be considered as a machine 
of uniform motion. 

The grand object in all practical cases, is, to 
procure a uniform motion, because it produces the 
greatest effect AH irregularities of motion indicate 
that there is some point resisting the motion, and to 
overcome which a part of the propelling power is 
wasted, and the greatest varying velocity is only 
equal to that velocity by which the machine would 
move when its motion is uniform. If the machine 
moves with an accelerating velocity, it is certain that 
the power is greater than what balances the opposing 
resistance, and therefore cannot produce the greatest 
effect; because the whole resistance is not applied. 
In both these cases the machuie has neither the 
power nor the effect which it would have if moving 
uniformly. 



AND EFFECT OF MACHINES. 107 

When irregularity of motion takes place^ parti- 
cularly in a large heavy machine, it sufiPers a con- 
tinual straining and jolting, which must very soon 
destroy it. It is therefore of the greatest conse- 
quence, that, from all machines, every cause tending 
to produce irregularity of motion should be taken 
away. 

Many fundamental Rules having already been 
given; and from what has just now been stated re- 
specting the motion of machines, it is thought un- 
necessary to give any elaborate calculation on the 
maximum and minimum efiPects of motion: there- 
fore the following statements of the effects of one 
horse power, in the different applications enumera- 
ted, will conclude this article. 
One horse's power, at a maximum, is calculated to 

lifl, by means of a pump, 250 hhds. of water, 10 

feet high in one hour. 
One horse's power, at a medium, is calculated to 

drive 100 spindles, with preparation, of cotton 

yarn twist. 
iDitto ditto, 500 spindles, with preparation, of 

Mule yarn. No. 48. 
Ditto ditto, 1000 spindles, with preparation, of 

Mule yarn. No. 110. — The intermediate numbers 

in proportion* 
Ditto ditto, 12 power looms, with preparation. 
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The Rules of Practical Mechanics, with varioas 
Examples, have been stated, embracing the Me- 
chanical Powers, which exhibit the Analysis of 
Machinery — The Rules for finding the weight and 
strength of the different parts — The centres of 
Gravity, Percussion, and Gyration, which deter- 
mine, according to the nature of the Machine, that 
point in which all its force is collected — And an 
explanation of the nature of Motions, and the effect 
of Machines; showing, that when a Machine is 
producing the greatest effect, or working at a maxi- 
mum, that the motion is uniform; the power and 
resistance being in a proper proportion to each other. 
What remains now to be explained, are, the 
Rules connected with the Steam Engine, WatCT 
Wheel, Common and Force Pumps, which are, viz. 
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Fuel. — To produce equal heats, ^ cwt- of ] 
castle Coal is equal to 1 cwt. of Glasgow Coal, and 
to 2^ cwt. of Wood, or three times the weight- 
Also, it takes double the weight of Culm to that of 
Coai. 
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Upon the premises of Messrs, Claud Girdwood 
& Co. of Glasgow, there are two Steam Engines, 
one of 32 horse power, and one of 12 horse power. 
The daily consumpt of Culm for the first, upon an 
average, is 5 waggons, 24 cwt. each; for the second 
1^ waggon. Taking an average from these two, 
gives 34 libs of Culm per hour for each horse power. 

The consumpt of Coal per hour for one horse 
power, is from 13 to 20 libs, according to the 
strength of the fuel, and the manner by which the 
furnace is fed, — Consumpt of Wood per hour for 
one horse power, is 50 libs. — Consumpt of Culm per 
hour for one horse power, is 34 libs. 

I trust I will not be thought impertinent, and, I 
hope, not partial, in recommending one of the latest, 
and I may safely say, the best improvement, as yet 
known, for the economical using of fuel; it is, 
Brunton of Birmingham's Fire Regulator. This 
naachine feeds the fire in the most regular manner, 
and nicely proportions the quantity of coal thrown 
upon the grate, to the quantity of steam required. 

Almost the whole of the Public Works, using 
Steam Engines in London, have this Fire Regulator 
attached to their Boilers. And from the accounts 
kept by their Engineers of the quantity of coal con- 
sumed, it is found that a saving of from 15 to 25 
per cent, is produced by this machine. But the 
regular manner of feeding the fire, and, consequent- 
ly, the saving of fuel, are not the only advantages 

K 
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derived from this excellent apparatus. There is no 
regular fireman needed, the Hopper only requires 
to be filled with coal in the morning, and no other 
attendance is necessary; also the supplementary Boil- 
er, which is attached to the large Boiler, gives an 
additional quantity of Steam, say from 2 till 6 horses, 
in proportion to the size of the Engine, and pre- 
serves the large Boiler from the injurious effects of 
the fire. 

These advantages, which are derived by this Fire 
Regulator over the usual mode of feeding the fire 
by hand, make it one of the most useful inventions 
of the present day, and, in fact, a Steam Engine is 
not complete without it. 

BoiLERS--«re of various forms, but the most 
general is proportioned as follows, viz. width 1, 
depth 1.1, length 2.5; their capacity being, for the 
most part, two horse more than the power of the 
Engine for which they are intended. 

Boulton and Watt allow 25 cubic feet of space 
for each horse power, some of the other Engineers 
allow 5 feet of surface of water. 

Steam — arising from water at the boiling point, is 
equal to the pressure of the atmosphere, which is in 
round numbers, 15 libs on the square Inch; but to 
allow for a constant and uniform supply of Steam 
to the Engine, the safety valve of the Boiler is 
loaded with 3 libs on each square inch. 
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The following Table shows the pressure of Steam, 
according to its heat and expansion. 
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By Email additions to the temperature) an expan- 
sive force may be given to steam so as to be equal 
to 400 times its natural bulk, or in any other pro- 
portion, provided the vessels, &c. that contain it be 
strong in proportion. 

The folioving is a simple Rule for finding the 
quantity of steam required to raise a given quantity 
of water to any given temperature. 

Rule. Multiply the water to be warmed by the 
^i&rence of temperature between the cold water 
and that to which it is to be raised, for a dividend; 
then to the temperature of the steam add 900 de- 
grees, and from that sum take the required temper- 
ature of the water : this last remainder being made 
a divisor to the above dividend, the quotient will be 
the quantity of iteam in the same terms as the water. 
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EXAMPLE. 

What quantity of steam at 212° will raise 100 
gallons of water at 60® up to 212°? 
212°— 60° X 100 
212-^+900° 212^ = 17 gallons of water formed 

o 

into steam. 

Now, steam at the temperature of 212° is 1800 
times its bulk in water; or 1 cubic foot of steam, 
when its elasticity is equal to 30 inches of mercury, 
contains 1 cubic inch of water. — Therefore 17 gal- 
lons of water converted into steam, occupies a space 
of 4090| cubic feet, having a pressure of 15 libs on 
the square inch. 

Horse Power. — Boulton and Watt suppose a 
horse able to raise 32,000 libs avoirdupois 1 foot 
high in a minute. 

Desaguliers makes it 27,500 libs. 
Smeaton do. 22,916 do. 

Boulton and Watt, however, in calculating the 
power of their Engines, suppose a horse to draw 
200 libs at the rate of 2| miles in a hour, or 220 feet 
per minute, with a continuance, drawing the weight 
over a pulley— now, 200 X 220 zz 44000, /. e. 
44000 libs at 1 foot per minute, or 1 lib at 44000 
feet per minute. 

Length of Stroke. — The stroke of an Engine 
is equal to one revolution of the crank shaft, there* 
fore double the length of the cylinder. When stating 
the length of stroke, the length of cylinder is only 
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given, that is, an engine with a 3 feet stroke, has 
its cylinder 3 feet long, besides an allowance for 
the piston. 

The following Table" shows the length of stroke, 
(or length of cylinder,) and the number of feet the 
piston travels in a minute, according to the number 
of strokes the Engine makes when working at 
maximum. 



Length 
stroke. 


Number 

of 
strokes. 


Feet 
Minute. 


Feet 2 


4^ 


172 


- 3 


32 


192 


- 4 


25 


200 


- 5 


21 


210 


- 6 


19 


228 


- 7 


17 


238 


- 8 


15 


240 


- 9 


14 


250 



Cylinder. — When the Engine is working at max- 
imum, the effective force of the piston is generally 
calculated at 10 libs for each square inch of its surface. 

To calculate the pcmer of the Engine, 

Rule. Multiply the area of cylinder by the 
effective pressure z= 10 libs, the product is the 
weight the Engine can raise. — Multiply this weight 
by the number of feet the piston travels in one 
minute^ which will give the momentum, or weight, 
the ]Sngine can lift 1 foot high per minute; divide 
ttris momentum by a horse power, as previously 
stated, and the quotient will be the number of horse 
power the Engine is equal to. 

. K3. / 
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EXAMPLE I. 

What is the power of an Engine, the cylinder 
being 42 inches diameter, and stroke 5 feet? 
42« X .7854 X 10 X 210 ^^ ,^ , 
44000^ = ^^'-^^ ^^^ P^"^^^* 

EXAMPLE IL 

What size of cylinder will a 60 horse power En- 
gine require, when the stroke is 6 feet? 

44000 X 60 ,,^Q. , f r ^ 

— SH5 T7T = llSo men. area of cylinder. 

228 X 10 ^ 

Note. To find the power to lift a weight at any 
velocity, multiply the weight in libs by the velocity 
in feet, and divide by the horse power; the quotient 
will be the number of horse power required. 

NozLEs. — The diameter of the valves of Nozles 
ought to be fully one-fifth of the diameter of 
cylinder. 

AiR-PuMP. — The solid contents of the Air-Pump 
is equal to the fourth of the solid contents of cylin- 
der, or when the Air-pump is half the length of 
the stroke of the Engine, its area is equid to half 
the area of cylinder. 

Condenser — is generally equal in capacity to 
the Air-pump; but when convenient, it ought to be 
more; for when large, there is a greater space of 
vacuum, and the steam is sooner condensed. 
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Cold Water Pump. — The capacity of the Cold 
Water Pump depends on the temperature of the 
water. Many Engines return their water, which 
cannot be so cold as water newly drawn from a river, 
well, &c.; but when water is at the common tem- 
perature, each horse power requires nearly 7^ gallons 
per minute. * Taking this quantity as a standard, 
the size of the pump is easily found by the following 
Rule, viz. — Multiply the number of horse power by 
7i gallons, and divide by the number of strokes per 
minute; this will give the quantity of water to be 
raised each stroke of pump. Multiply this quantity 
by 231, (the number of cubic inches in a gallon,) 
and divide by the length of effective stroke of pump, 
the quotient will be the area. 

EXAMPLE. 

What diameter of pump is requisite for a 20 horse 
power Steam Engine, having a 3 feet stroke, the 
effective stroke of pump to be 15 inches? 

""— Qo* = 4.6875 gallons the pump lifts 
each stroke. 

Y^ = 72.1875 inches area of pump. 



* An Engine wiU work with a less supply of water, say 5 gallons 
per minute; but when water can be had without a considerable ex- 
pense of power, 7^ gallons is preferable; because an abundance of 
water keeps the condenser, &c. cool, and thereby produces a more 
perfSect vacuum. 
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Hot Water Pump. — The quantity of water 
nuEed at each stroke ought to be equ&I in balk to 
the 900th part of the capacity of the cylinder. 



Fbopobtions. — The length of stroke heiog I, the 
length of beam to centre will be % the length of 
cmnk .5, and the Imgth of connecting rod 3> 

The following Table shows the force which the 
the connecting rod has to turn round the crank at 
different parts of the notion. 



Col. C. EffecdrelOTigth of the Lever up- 
on which the coanecting I 
acts, (be whole Crank being 1. 

CM. D. Dedmit pnipoHlbiM oT batf ■ r 
volution of the Fly.WheeL 

Col, C, Also ihowi the fbrcewhiobiB COT 
municBted to the Fly- Wheel, 
expressed in decimals, the liirce 
of the Piston bong 1. 



A 


E 


C 


D 


~M~ 


180^ 


.0 


.0 


.05 


151i 


.46 


.188 


.10 


I4l 


.08 


.159 


.15 


131 


.74 




.2 


las 


.830 


!a7i 


.25 


lit 


.892 


.308 




HO 


.94 


.342 


.35 


IM 


.978 


.377 


A 


97+ 


.986 


.41 


.43 


Bli'l. 


.441 


.5 


esli. 


.473 


.55 


80 


.986 


.507 


.6 


75 


.956 


.538 


.65 




.98 


.578 


.7 


SI 


.88 


.607 


.15 


.834 


.643 


.8 


4/ 


.746 


.68 


.85 


42 


.66 


.723 


.9 


34 


.54« 


.776 


M. 2^ 


.390 


.84 


1.0 1 o' 


.000 


.0 



Fly-Wheel — Is used to r^ulate the motion of 
Uie engine, and to bring the crank past its centres. 
The Rule for finding its weight, is, — Multiply the 
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number of horses' power of the Engine by 2000, 
and divide by the square of the velocity of the cir- 
cumference of the wheel per second, the quotient 
will be the weight in cwts. 

EXAMPLE. 

Required the weight of a fly-wheel proper for an 
Engine of 20 horse-power, 18 feet diameter, and 
making 22 revolutions per minute? 

18 feet diameter = 56 feet circumference, X 22 
revolutions per minute = 1232 feet, motion per 
minute -j- 60 = 20 J feet motion per second; then 
20^2 = 420^ the divisor. 

20 horse power X 2000 = 40000 dividend. 

y.Qr^i- = 90.4 cwt. weight of wheel. 

Parallel Motion. — The radius and parallel 
bars are of the same dimensions; their length being 
generally l-4th of the length of the beam between 
the two glands, or one-half of the distance between 
the fulcrum and gland. Both pairs of straps are the 
same length between the centres, and which is gener- 
ally three inches less than the half of the length 
of stroke. See Plate Bd. 

Governor, or Double Pendulum. — If the re- 
volutions be the same, whatever be the length of the 
arms, the balls will revolve in the same plane, and the 
distance of that plane from the point of suspension, 
is equal to the length of a pendulum, the vibrations of 
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which will be double the revolutions of the balls. 
For example; suppose the distance between the 
point of suspension and plane of revolution be 36 
inches, the vibrations that a pendulum of 36 inches 

375 

will make per minute, is= j^ = 62 vibrattons, and 

62 

— = 31 revolutions per minute the balls ought to 

make. 
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This subject belongs to Hydrodynamics, also the 
common and force Pumps; and since they are the 
last of this Treatise, they may be classed under that 
name, to distinguish them from the preceding sub- 
jects in Statics and Dynamics. 

Water. (Hydrostatics.) 

Hydrostatics is the science which treats of the 
pressure, or weight, and equilibrium of water, and 
other fluids, especially those that are non-elastic. 

Note 1. The pressure of w^ter at any depth, is 
as its depth; for the pressure is as. the weight, and 
the weight is as the height. 
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Note 2. The pressure of water on a surface any 
how immersed in it, either perpendicular, horizon- 
tal, or oblique, is equal to the weight of a column 
of water, the base being equal to the surface pressed^ 
and the altitude equal to the depth of the centre of 
gravity, of the surface pressed^ below the top or 
surface of tb^ fluid. 

PROBLEM I. 

In a vessel filled with water, the sides of which 
are upright and paifallel to each other, having the 
top of the same dimensions as the bottom, the 
pressure exerted against the bottom, will be equal 
to the area of the bottom multiplied by the depth of 
water. 

EXAMPLE. 

A vessel, 3 feet square and 7 feet deep, is filled 
with water; what pressure does the bottom support? 

— — — Yfi = 3937^ libs Avoirdupois. 

PROBLEM IL 

A side of any vessel sustains a pressure equal to 
the area of the side multiplied by half the depth, 
therefore the sides and bottom of a cubical vessel 
sustain a pressure equal to three times the weight of 
water in the vessel. , 

EXAMPLE I. 

The gate of a sluice is 12 feet deep and 20 feet 
broad; what is the pressure of water against it? 

20 X 12 X 6 X 1000 afMMM\ vim ^ i 

— J - = 90000 — ^Qf tons nearly. 
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From Note 2d, — The pressure exerted upon the 
side of a vessel, of whatever shape it may be^ is as 
the area of the side and centre of gravity below the 
surface of water. 

EXAMPLE 11. 

What pressure will a board sustain, placed di- 
agonally through a vessel, the side of which is 9 feet 
deep, and bottom 12 feet by 9 feet? 
i/ 122 ^ 92 — 15 feet, the length of diagonal board- 
15 X 9 X H X 1000 ^ 3^969 ^^^ ^^^^^ 

Though the diagonal board bisects the vessel, yet 
it sustains more than the half of the pressure in the 
bottom, for the area of bottom is 12 X 9, and the 
half of the pressure is J60750 = 30375. 

The bottom of a conical or pyramidical vessel 
sustains a pressure equal to the area of the bottom 
and depth of water, consequently, the excess of 
pressure is three times the weight of water in the 
vessel. 

Water. (Hydraulics.) 

Hydraulics is that science which treats of fluids 
considered as in motion, it therefore embraces the 
phenomena exhibited by water issuing from orifices 
in reservoirs, projected obliquely, or perpendicularly, 
in Jet'Weaux^ moving in pipes, canals, and rivers, 
oscillating in waves, or opposing a resistance to the 
progress of solid bodies. 
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It would be needless l)c;re to go into the minutiae 
of hjdrauUes, particularly when the theory and 
px^Ctic^ do noi agree. It is on}y the general laws, 
4^acejd from experiment, thajt can be safely em* 
ployed in the various operations of hydraulic 

architecture. 

Mr. Banks, in his Treatise on Mills,, a&er enumer- 
ating a number of experiments on the velocity of 
flowing water, by several philosophers, as well as 
his Qwn^ takes from thence the following simple 
rule^ which is as near the truth as any that have 
been statpd by other experimentalists. 

RujLJ^. M^asiure the d^th (of the v,essel, &c.) in 
feet, extract the square root of that depth, and 
multiply it by 5.4, which gives the velocity in feet 
per second; this multiplied by the area of the orifice 
m feet, gives the number of cubic feet which flows 
out in one second. 

EXAMPLE. 

Let a sluice be 10 feet below the surface of the 
water, its length 4' feet, and open 7 inches; required 
the quantity of water expended in one second? 
v^ 10 = 3.162 X 5.4 = 1T.0748 feet velocity. 

^-^ ;= ^i feet X 17J0748 = 39.84 cubic feqt. of 

water per second. 

If the area of the orifice is great compared' with 
th^ h^ad, take the medium depth, and two-thirds of 
the velocity frqp th^t. depth, fo^c the v^qcii^.. 

L 
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EXAMPLE. 

Given the perpendicular depth of the orifice 2 
feet, its horizontal length 4 feet, and its top 1 foot 
below the surface of water. To find the quantity- 
discharged in one second: 

The medium depth is =z 1.5 X 5.4 z= 8.10 — ^ 
= 5.40 X 8 = 48.20 cubic feet.* 

The quantity of water discharged through slits, 
or notches, cut in the side of a vessel or dam, and 
open at the top, will be found by multiplying 
the velocity at the bottom by the depth, and taking 
f of the product for the area; which again multi- 
plied by the breadth of the slit, or notch, gives the 
quantity of cubic feet discharged in a given time. 

EXAMPLE. 

Let the depth be 5 inches, and the breadth 6 
inches; required the quantity run out in 46 
seconds? 

The depth is .4166 of a foot. 
The breadth is .5 of a foot. 

^.4166 = .6455 x 5.4 X f = 2.3238 X .4166 
= .96825 X .5 = .48412 feet per second. 

Then .48412 X 46. = 22.269 cubic feet in 46 
seconds. 

There are two kinds of water wheels, Undershot 
and Overshot. Undershot, when the water strikes 
the wheel at, or below the centre. Overshot, when 
the water falls upon the wheel above the centre. 

* The square root of the depth is not ta)cen in this example, but 
9(rhen the depth is considerable, it ought to be taken. 
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The, effect produced by an undershot wheel, is 
&om the impetus of the water. The effect produced 
by an overshot wheel, is from the gravity or weight 
of tiie water. 

Of an undershot wheel, the power is to the effect 
as 3 : 1. — Of an overshot wheel, the power is to the 
effect as 3 : 2 — ^which is double the effect of an un- 
dershot wheel. 



The/olloiting ts an Abridgement of Sa^aton on Watee Wheels. 

UNDERSHOT, 
Velocity of water in 1" . -= V 



Weight of 1 cub. in. of water = W 
Area of sluice . . . = A 
Quantity of water . . == Q 
Power of the water to pro- 7 ^ p 
duce mechanical effect 3 



V. A = Q, in one second. 

QW. V= P ; Power to produce 
mechanical effect. 



POWER AND EFFECT AT MAXIMUM, 
Velocity of Wheel in 1" . . ^ v 
Effective velocity of water = E ^ = p 
Effect produced by the wheel = e 
Weight raised ....=«; 
Velocity of weight raised . == v 



wv 



e : : 10 : 3.62 
or3: 1 

V : : 10 : 3.5, 
or5 : 2 



OVERSHOT. 
D 



Descent of water including head ) 
and diameter of wheel* S 
The weight of water expended ^ __. 



in one second 



!- 



D.W = P. 



II 



POWER AND EFFECT AT MAXIMUM. 



Power of the water is = D. W = P 
Effect of the wheel is = wv = ^ 



P : e : : 10 : 6.6, or 3 : 2 nearly. 
Double that of an Unden^ot. 



* By Head is understood the distance between the orifice and the part of the 
wheel on which the water falls. The fiill is the perpendicular height fhnn the 
bottom of the wheel to the orifice. 

L2 
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The velocitj at a maximmn is ate 3 feet in one 
ftecond. 

Since the efiBact of the overshot is double that of 
the undershot, it follows that the higher the wheel 
is in proportion to the whole descent^ the greatter 
wiU be the effect. 

. The maximam load for an orerihot whei^l, is that 
which reduces the circumference of the wheel lo its 
proper velocity, = 3 feet in 1 second; and this will 
be known, by dividing the effect it ought to produce 
in a given time, by the space intended to be described 
by the circumference of the wheel in the same time; 
the quotient will be the resistance overeoiMie at the 
circumference of the wheel, and is equal to the load 
required, the friction and resistance of the ma- 
chinery included. 

The follaming is an Extract from Banks on MiUs^ 

page 152. 

" The effect produced by a given stream in falKng 
through a given space, if compared with a weight, 
will be directly as that space; but if we measure it 
by the velocity communicated to the wheel, it will 
be as the square root of the space descended through, 
agreeably to the laws of faflling bodies. 

*^ Experiment 1. A given stream is applied to a 
wheel at the centre; the revoiutiotts par minute 
are 38.5. 

<< Ex. 2. The same stream applied at the top, 
tarns the same wheel 57 times in a minute* 
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<' If in the first experiment the fall is called 1, in 
the second it will be 2: then *y\ : \/2 : : 38.5 : 54.4, 
which are in the same ratio as the square roots of 
the spaces fallen through, and near the observed 
velocity. 

** In the following experiments a fly is connected 
with the water wheel. 

" -Ejf. 3. The water is applied at the centre, the 
wheel revolves 13.03 times in one minute. 

" jB^. 4. The water is applied at the vertex of the 
wheel, and it revolves 18.2 times per minute. 
« As 13.03 : 18.2 : : v^l : V'2 nearly. 

" From the above we infer, that the circumferences 
of wheels of different sizes may move with velocities 
which are as the square roots of their diameters 
without disadvantage, compared one with another, 
the water in all being applied at the top of the 
wheel; for the velocity of falling water at the bottom 
or end of the fall is as the time, or as the square 
root of the space fallen through: for example, let 
the fall be 4 feet, then. As v^l6 : r' : : v^4 : i^ the 
time of falling through 4 feet: — Again, let the fall 
be 9 feet, then, v^l6 : \" : : v^9 : f^ and so for 
any other space, as in the following Table, where it 
appears that water will fall through one foot in a 
quarter of a second, through 4 feet in half a second, 
through 9 feet in 3 quarters of a second, and 
through 16 feet in one second. And if a wheel 
4 feet in diameter moved as fast as the water, it 
could not revolve in less than 1.5 second, neither 
could a wheel of 16 feet diameter revolve in less 

L3 
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than three seconds; but though it is impossiUe for 
a wheel to move as fiist as the stream which turns it, 
yet) if their velocities bear the same ratio to the time 
of the tail through their diameters, the wheel 16 fisel 
in diameter may move twice as fast as the wheel 
4 feet diameter*" 

TABLE. 



Height 

oftheftll 

in Feet 


Time of 

fiaiii«in 

Seconds. 


Height 

ofthefidl 

in Feet 


Time of 
ftllinglB 
Seconds. 


1 


.25 


14 


.935 


2 


.352 


16 


1. 


3 


.432 


20 


1.117 


4 


.5 


24 


1.22 


6 


.557 


25 


1.25 


6 


.612 


30 


1.37 


7 


.uGo 


36 


1.5 


8 


.706 


40 


1.58 


9 


.75 


45 


1.67 


10 


.79 


50 


1.76 


12 


.864. 







Power and Effect. — The power water has to 
produce mechanical effect, is as the quantity and 
&11 of perpendicular height. — The mechanical eififect 
of a wheel is as the quantity of water in the buckets 
and the velocity. 

The power is to the efiect as 3 : 8, that is, 
suppose the power to be 9000, the effect will be 

9000. X 2 18000 



a 



= 6000. 



HEfOHf' o-F *HE Whsbl. — The higher the wheel 
is in proportion to the &11, the greater will be the 
effect, because it depends less upon the impulse. 



and more upon the gravity of the water; however, 
the head should be such, tliat the water will have 
a ;greater velocity than the circumference of the 
wheel; and the velocity that the circumference of 
the wheel ought to have, bei^ known, the head 
required to give the water its proper velocity, caa 
easily be known from the rules of Hydrostatics. 

' VELOcrTY OF THE WHEEL. — ^Banks, in the fare- 
going quotation, says, '< That the circumferences of 
overshot wheels of diSEerex^ sizes may move with 
velocities as the square roots of ^their diameter^ 
without disadvantage." — Smeaton says, ^^ Experience 
confirms that the velocity of 3 feet per second is ap- 
plicable to the highest overshot wheels, ms wdil afi ike 
lowest; though high wheels may deviate further from 
this rule, before they wiil lose their power, by a 
given aliquot part of the whole, than low ones can 
be admitted to do; for a 24 feet wheel may move a| 
the rate of 6 £eet per seccmd, without losing any 
considerable part of its power." 

It is evident that the velocities of wheel% wiU be 
in proportion to the quantity of water and the re- 
sistance to be overcome: — if the water flows tlowly 
upon the wheel, more time is required to fill the 
backete than if the water flowed rapidly; and 
whether Smeaton or Banks is taken us a data, die 
miU-wright can eaaily calculate the size of his wheel, 
when the velocity and quantity of water in a givvii 
time is known. 
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EXAMPLE L 

What power is a stream of water equal to, of the' 
following dimensions, viz. 12 inches deep, 22 inches 
broad; velocity, 70 feet in llf seconds, and fall, 60 
feet? — Also, what size of a wheel could be applied to 
this fall? 

— Yjj^ — = 1.83 square feet: — area of stream. 

1 If' : 70 : : 60'^ : 357.5 lineal feet per m in.— velocity. 

357.5 X 1-83 = 654.225 cubic feet per minute. 

654.225 X 62.5 = 40889.0625 avoir, libs per minute. 

40889.0625 x 60 = 2453343.7500 momentum at a 

fall of 60 feet. 

2453343.7500 ^^ ^ , 

jjggg = 55.7 horse power. 

3:2:: 55.7 : 37.13 eflFective power. 

The diameter of a whee^ applicable to this fiiU, 
will be 58 feet, allowing one foot below for the 
water to ^cape, and one foot above for its free 
admission. 

58 X 3.1416 = 182.2128 circumference of wheel. 
60 X 6 = 360 feet per minute, = velocity of wheel. 

— o' =1.8 sectional area of buckets, 
oou 

The buckets must only be half full, therefore 
1.8 X 2 = 3.6 will be the area. 

To give sufficient room for the water to fill the 
buckets, the wheel requires to be 4 feet broad, 

now, -^ = .9, say 1 foot depth of shrouding. 



see 



— 1.9 revolutions per minute the wheel 



182.2128 
will make. 

Power of water ^ ■. st ^•'7 ift. p*' 

Effectiiv^e power of ^o« sz '97.1S h. p. 

Dim^sicms r Diameter « • w sr 58 Feet.Vi^nx. 

of < Breafdih 4 * ^ s 4 Feet-^ 

Wheel. L Depth of shrouding s: 1 Foot<^ 

EXAMPLE 11. 

Whftt h Ae ipomet of a iv^tJ&t *wh^I^ 16 te^ 
dktDe((My 12 feet wide^ anA nhrMdiag 15 hrdi^ 
deep'. 

JS K 3»141# ±± Ja265^ ^ifietlifirfc^eiiei^ of Whed. 
12 X 1^ =2 15 square fe^ seobieiial an^ of backets. 
60 X 4 = 240 lineal feet per minute, m teiooifejr^ 
240 X 1^ =£ 9600 €iibi€ feet water, wben buckets are 

fall; when half fiiU» 1800 cubic feet 
1800 X 62.5= 1 12500 avoir, libs of water per minute. 
11^500^ X 1€ :s: 1800000 momentum, fellklg l^feet. 

3:2:: 1800000 : ^^^^ = 27 horse power. 

Buckets. — The number of buckets to a vfkeel 
should be as few as possible, to retain the greatest 
quantity of water; and their mouths only such a 
width as to admit the requisite quantity of water, and 
at the same time sufficient room to allow the air to 
escape. 

The Coohmubjcatiow or Powi&R.*— There are ii» 
prime movers 4i machinery £rom which power is 
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taken in a greater variety o( forms than the water 
wheel, and among such a number there cannot fail 
to be many bad applications. 

Suffice it here to mention one of the worst, 
and most generally adopted. For driving a cotton 
mill in this neighbourhood, there is a water wheel 
about 12 feet broad, and 20 feet diameter; there is a 
division in the middle of the buckets upon which 
the segments are bolted round the wheel, and the 
power is taken from the vertex: from this erroneous 
application, a great part of the^ power is lost; for the 
weight of water upon the wheel presses against the 
axle in proportion to the resistance it has to over- 
come, and if the axle was not a large mass of wood, 
with very strong iron journals, it could not stand 
the great strain which is upon it. 

The most advantageous part of the wheel, from 
which the power can be taken, is that point in the 
circle of gyration horizontal to the centre of the 
axle; because, taking the power from this part, the 
whole weight of water in the buckets acts upon the 
teeth of the wheels; and the axle of the water wheel 
suffers no strain. 

The proper connection of machinery to water 
wheels is of the first importance, and mismanage- 
ment in this particular point is oflen the cause of 
the journals and axles giving way, besides a consid- 
erable loss of power. 

To find the radius of the circle of gyration in a 
water wheel is therefore of advantage to the saving 
of power, and the following Example will show the 
rule by which it is found. See Centre of Gyration. 
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EXAMPLE. 



Required the radius of the circle of gyration in a 
water wheel, 30 feet diameter; the weight of the 
arms being 12 tons, shrouding 20 tons, and water 
15 tons. 

30 feet diameter, radius = 15 feet. 
S 20 X 15^ = 4500 X 2 =z 9000.% The opposite side of 

Al^Xii^ ^ 900' X 2 = 1800 [ ^^^ water wheel 
3 J must be taken. 

W 15 X 15« = 3375 = 3375 



2 X 20 + 12 = 64 1^175 

W 15 = 179, the square root 

79 79 

of which is 13 -j^ feet, the radius of the circle of gyration. 
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There are two kinds of Pumps, Lifting and Forcing. 
The Lifting, or Common Pumps, are applied to 
wells, &c. where the depth does not exceed 32 feet; 
for beyond this depth they cannot act, because the 
height that water is forced up into a vacuum, by the 
pressure of the atmosphere, is about 34 feet. 

The Force Pumps are those that are used on all 
other occasions, and can raise water to any required 
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height. — Bramah's celehcated Pump is one of this 
description, and shows the amazing power that can 
be produced by such application, and idiicht arises 
jfrom the ffuid and nmi-compressrble* quaititie^ of 
water. 

The power required to raise water any heigi^tiis 
equal to the quantity of water dSisdharged in a given 
time, and the perpemficukur heigbt. 

EXAMPLE. 

Required the power necessary to discharge 175 
AMe gallbns of water per minute, from a pipe 252 
feet high? 

One Ale gallon of water weighs 10^ libs avoir, nearly. 

175 X lOi = 1799 X 252 = 453348 , ^ ^ , 

-44000= ^^•^^?"^P*'^®'- 

The following is a very simple Rule, and easily 
kept in remembrance. 

Square the diameter pf th^ pipe in inched, and 
the product will be the number of libs of water avoir- 
dupois contained in every yard length of the pipe. If 
the lfMs»t figure of the product be mtti^ff, /or ooDsid^^rod 
a decimal,, the remaining fig]ures will givetikq nim- 
ber of Ale gfiUons. in each yard of pipes^ and if ;the 
pBoduct contains only one %ut«« it w(iU be Ij/^thsi of 
an Alje gaUonv The Humhec of Me ^Ikins multi«- 
plied by 282,. igives the cubic inch^ in each jipi^ of 
pipe; and :the. cmtent^ df a pipe. may be ^uoid by 
FrppQcUon^. 
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52 


X 


3 


52 


X 


252 
3 


2100 


X 


210 



EXAMPLE. 

What quantity of water will be discharged from a 
pipe 5 inches diameter, 252 feet perpendicular height, 
the water flowing at the rate of 210 feet per minute? 

210 

= 175 Ale gallons per minute. 

= 2100 libs water in pipe. 

= 10 horse power required to pump 
that quantity of water. 

The following Table gives the contents of a pipe 
one inch diameter, in weight and measure, which 
serves as a standard for pipes of other diameters, 
their contents being found by the following Rule. 

Multiply the numbers in the following Table a- 
gainst any height, by the square of the diameter of 
the pipe, and the product will be the number of 
cubic inches avoirdupois ounces, and Wine gallons 
of winter, that the given pipe will contain. 

EXAMPLE. 

How many Wine Gallons of water is contained 
in a pipe 6 inches diameter, and 60 feet long? 

2.4480 X36 = 88.1280 Wine Gallons. 

In a Wine Gallon there are 231 cubic inches. 

M 
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TABLE. 



ONE INCH DIAMETER. 


Feet 


Quantity In 


Weight in 


Gallons 


High. 


Cubic Inches. 


Avoir. Oz. 


Wine Measure. 


1 


9.42 


5.46 


.0407 


2 


18.85' 


10.92 


.0816 


3 


28.27 


16.38 


.1224 


4 


37.70 


21.85 


.1632 


5 


47.12 


27.31 


.2040 


6 


56.55 


32.77 


.2448 


7 


65.97 


38.23 


.2423 


8 


75.40 


43.69 


.3264 


9 


84.82 


49.16 


.3671 


10 


94.25 


54.62 


.4080 


20 


188.49 


109.24 


.8160 


30 


282.74 


163.86 


1.2240 


40 


376.99 


218.47 


1.6300 


50 


471.24 


273.09 


2.0400 


60 


.565.49 


327.71 


2.4480 


70 


659.73 


382.33 


2.8560 


80 


753.98 


436.95 


3.2640 


90 


848.23 


491.57 


3.6700 


100 


942.48 


546.19 


4.0800 


200 


1884.96 


1092.38 


8.1600 



The resistance arising from the friction of water 
flowing through pipes, &c. is directly as the velocity 
of the water, and inversely as the circumference of 
the pipe. 

The data given is a medium, and which is l-5th 
of the whole resistance: this is the standard generally 
adopted, being considered as most correct. 

EXAMPLE I. 

What is the power requisite to overcome the re- 
sistance and friction of a column of water 4 inches 
diameter, lOO: feet liigh, and flowing at the velocity 
of 300 feet per minute? 
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546.19 X 4iJ ..«,o t^Aa<^ 
Y^ = 546.19, say 546.2 

MAr^r^n. = 3.7 ith of which IS .7, therefore 

44000 ^ 

the power required tp overcome the resistance occa- 
sioned by the weight and friction of the water will 
be 3.7 + .7 = 4.4 H. P., say 4.5 horse power. 

EXAMPLE II. 

There is a cistern 20 feet square, and 10 feet deep, 
placed on the top of a tower 60 feet high; what 
power is requisite to fill this cistern in 30 minutes, 
and what will be the diameter of the pump, when 
the length of stroke is 2 feet, and making 40 per 
minute? 

20 X 20 X 10 = 4000 cubic contents of cistern. 

4000 
Q^ = 133.3 cubic feet of water per min. 

133.3X1000 «««,«.,., 

Y^ =z 8331,25 libs avoir, per minute. 

.],^ — - = 1 1.36 horsepower, l-5th of which 

is = 2.27 + 11.11 zz 13.63 horse power required. 

133 ^ 

o ^ JLfx Q?. = 1'^ X 144 = 244.80 ^„ ^ 

2 X 40 = 80 - ^^^. = 311.7, now 

.7854 



^^311.7 =z 17.6 inches, diameter of pump required. 

Founders generally prove the pipes they cast to 
stand a certain pressure, which is calculated by the 
weight of a perpendioalar column of water, the area 
being equal to the area of the pipe, and the height 
oqiial ta any given height. 

M2 
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To ascertain the exact pressure of water to -which 
a pipe is subjected, a safety-valve is used, generally 
of 1 inch diameter, and loaded with a weight equal 
to the pressure required: for example, a pipe requires 
to stand a pressure of 300 feet, what weight will be 
required to load the safety-valve one inch diameter? 

Feet. Inches. Ounces.. 

300 X 12 = 3600 X .7854 = 2827.4400 x 1000 , ^^^ , 

1728 ^^^ 

= 102 libs 4^ oz. weight required. 

Each of the weights for the safety-valves of these 
Hydrostatic proving-machines are generally made 
equal to a pressure of a column of water 50 feet 
high, the area being the area of the valve. 

50 feet of pressure on a valve 1 inch diam. = 17.06 liba 

50 do. do. do. 1^ do. = 26.65 do. 

50 do. do. do. 1^ do. = 38.38 do. 

50 do. do. do. 2 do. = 68.24 do. 

In pumpingj there is always a deficiency owing to 
the escape of water through the valves; to account 
for this loss, there is an allowance of 3 inches for 
each stroke of piston rod: for example, a 3 feet stroke 
may be calculated at 2 feet 9 inches. 

There is a town, the inhabitants of which amount 
to 12000, and it is proposed to supply it with water^ 
from a river running through the low grounds 250 
perpendicular feet below the best situation from the 
reservoir. 

It is required to know the power of an Engine 
capable of lifting a sufficient quantity of water, the 
daily supply being calculated at 10 Ale gallons to 
each individual: also, what size of pump and pipes 
are requisite for such? 
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12000 X 10 = 120000 gallons per day. 

20C 
12 



Engine is to work 12 hours, —^^^ — = 10000 gal- 



lons per hour. 

— ^TT- = 166.6 gallons per minute. 

The pump to have an eflFective stroke of 3| ftet, 
and making 30 strokes per minute. 

' = 5.5533 gallons each stroke. 

282 X 5.6= 1579.2 cubic inches ofwater each stroke. 

1579 2 
3 feet 9 in -45 in. = ^^'^ '"*=^^^' ""^^ of PHH»P- 

,=^1^=44.7, therefore a/ 44.7=6.7 diam. of pump. 

The pipes will require to be at least the diameter 
of the pui]:)p; if they are a little more, the water will 
not require to flow so quickly through them, and 
thereby cause less friction. 

The power of the Engine will be 

166.6 gall. X 10^ lb X 250 feet=426925 momentum. 

426925 
44000 ^ ®*^' ^^ l-5th = 11.64 horse power. 

426925 

-gggg^ = 13.3, -.^^ = 15.96 do. fVati. 

426925 -^. ,o^ J T^ 7- 

.^Cqq 5= 16.5, •*-^— sr 18.6 do. Desaguhers. 

-^^^ = 18.6, = 22.32 do. Smeaton. 
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Required the weight of a cast iron ball of 3 inches 
diameter, supposing the weight of a cubic inch of the 
metal to be 0.258 libs avoirdupois? Hutton. 

3^ X .5236 X .258 = 3.6473976 libs avoir. 

Required the weight of a hollow spherical iron 
shell, 5 inches in diameter, the thickness of the metal 
being 1 inch? Hutton. 

55 X .5236 X .258 = 16.88610 — 3.6473976 
= 13.23871 libs avoirdupois. 

It is proposed to determine the proportional quan- 
tities of matter in the earth and moon; the density 
of the former being to that of the latter, as 10 to 7, 
and their diameters, as 7930 to 2160. Hutton. 

2160^ X 7 " ^^ nearly: that is, 71 to 1 nearly. 

There are two bodies, of which the one contains 
25 times the matter of the other, or is 25 times hea- 
vier; but the less moves with 1000 times the velocity 
of the greater; in what proportion then are the mo- 
menta, or forces with which they move? Hutton. 

-—7- = 40; that is, the less moves with a force 40 
25 

times greater. . 
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It is proposed to divide the Beam of a Steel-yard, 
or to find the points of division where the weights 
of 1 2 3 4, &c. libs on the one side, will just bal- 
ance a constant weight of 95 libs, at the distance of 
2 inches on the other side of the fulcrum, the weight 
of the Beam being 10 libs, and its whole length 
36 inches. 

36 : 10 : : 2 : 55 = — ^- — = .55 weight of short arm. 

36 

2 = length of short arm. 

36 — 2 = 34 = length of long arm. 

10 — .55 = 9.45 = weight of long arm. 

95 X 2= 190 momentum of weight at end of shoi*t arm. 

.55X1 =.55 do. of short arm. 

190.55 whole momentum of weight and arm. 

9.45 X 34 ,_ -^ ^ ^, 

g = 160.65 momentum of long arm. 

190.55—160.65 = 29.90, or 30, the excess of 

momentum. 

30 

-=- =30 inches from the fulcrum for the one lib weight. 

— = 15 two do. 

30 , » -. 

— = 10 /. three do. 

— =: 7i , . four do. 

4 

How long after firing the Tower guns, may the 
report be heard at Shooter*s-Hill, suppo^ng the 
distance to be 8 miles in a straight line? 
14 .112 

8 X IT = 8 X 14 = ^ = 374 seconds. 
3 3 ' 



140 MISO£LLANIIS. 

If a lever, 40 e£fective inches longi will^^ by a 
certain power thrown succeesively on it, in 18 hcmrsi 
raise a weight 104 feet; in what time will two other 
leversi each 18 effective inches long, raise an equal 
weight T8 feet? 

If 40 : 104 : : 18 : 46.8, one of tfa6 18 inch levers 
would raise in 13 hours. 

If 46.8 X 2 = 93.6 : 13 : : 73 : 10 hours 8^ min- 
utes, time to raise the weight 73 feet. 

There are two bodies, the one of which weighs 
100 libs, the other 60 libs; but the lightest is im- 
pelled by a force 8 times greater than the other; the 
proportion of the velocities with which these bodies 
move, is required? Hutton. 

100 X8 X 3 ,^ , 
^jr z= 40, that IS, the velocity ot the 

greater is to that of the less, as S to 40. 

Supposing one body to move 30 times swifter than 
another; as also the swifter to move 12 minutes, 
the other only 1; what difference will there be be- 
tween the spaces described by them, supposing the 
last has moved 5 feet? 

30 X 5 = 150 feet in first minute. 150 X 12 n; 
1800 — 5 = 1795 feet difference between the spaces 
described. 

If a Stone be 19^ seconds in descending from the 
top of a precipice to the bottom, what is its height? 

19.52 = 380.25 X 16^^ =6115.6875 feet. 
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It is proposed to determine the length of a Pen- 
dulum vibrating seconds, in the latitude of London, 
where a heavy body falls through 16^^ feet in the 
first second of time? 
3.1416 circumference, the diameter being 1.1 
16yij feet = 193 inches fall in the 1'' of time. 5 * 
193 X 2 = 386.00000000 _ 
3.14162 = 9.86965056 - "^^'^"^ '"^''^' 
or 39.11 inches. 
By experiment this length is found to be 39^ inches. 

What is the length of a Pendulum vibrating in 2 
seconds, and another in half a second? 

v^39^= 6.25 X 60=375. {See Art. Pendulum.) 

375 

-^^ = 12.5 squared = 156.25 inches the length of 

[a 2 seconds' Pendulum. 

375 

-|2^ = 3.125 squared = 9.765625 inches the length 

of a i second's Pendulum. 



* When a Pendulum vibrates in a Cycloid: the time 
of one vibration, is to the time a body falls through half 
the length of the Pendulum, as the circumference of a 
circle, is to its diameter. — The times in which bodies 
descend through similar parts of similar curves are as 
the square roots of their lengths. Therefore a/^1 : 4^g 

III" I V^i I being = length and g equal to the fall in 
1'' now as 1 : 3.1416 : : J^ : 3.1416 X V% let 3.1416 
^plhenp^^^. ip^xl = g. ^=/ 
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There are two bodies, the one of which has passed 

over 50 miles, the other only 5; and the. first had 

moved with 5 times the celerity of the second; what 

is the ratio of the times they have been in describing 

those spaces? 

25 velocity of first. Space 5 , . «, , 

^ , ;: , ,r 1 . -—= 1 time of the second. 

5 do. of second, velocity 5 

^T 1 • -77r= 2 time of the second ; 
Velocity 25 

therefore the ratio e£ the times will be 2 to 1. 

Counted 17'' between the time of seeing the flash, 
and hearing the report of a gun, what is the 
distance from it? 

Sound flies through the air uniformly at the rate 
of about 1142 feet in 1 second of time, or a mile in 
4f or ^ seconds. 

1142 X IT ^* ^^^ 

— ^K^K — = 3 . 35T4, or Si miles distance. 
5280 ^ 

How far off was the cloud from which thunder 
issued, whose report was 5 pulsations in the wrist, 
after the flash of lightning, counting 75 pulsations 
to a minute? 

60 X 5 



75 



= 4 X 1142 = 4568feet, or 1522f yards. 
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PROBLEM. 

To determine h&w far a man, who pushes with the 
force ^100 lihs, can thrust a sponge into a piece of 
ordnance, whose diameter is 5 inches, and length 10 
feet, when the barometer stands at 30 inches: the vent, 
or touch-hole, being stopped, and the sponge having 
no windage, that is, fitting the bore quite close? 

A column of quicksilver 30 inches high, and 5 in- 
ches diameter, is 5^ x 30 x -"^Sdi =: 589.05 inches; 
wfaich^ at 8.102 oz. each inch, weighs, 4*772.48 oz. 
or 298.28 libs, which is the pressure of the atmosphere 
alone, being equal to the elasticity of the air in its 
natural state; to this adding the 100 libs, gives 398w28 
libs, the whole external pressure. Then, as the 
spaces which a quantity of air possesses wider di& 
ferent pressures, are in the reciprocal ratio of those 
pressures, it will be, as 398.28 : 298.28 : : 10 feet or 
120 inches : 90 inches nearly, the space occupied by 
the air; therefore 120 — 90=30 inches, is the ^dis- 
tance sought. 

From this Problem of Dr. Hutton's the following 
formula is easily obtained, viz. 

a = whole length of tube, or volume of iiir in its 

natural state.r 
b = pressure of air in its natural state. 
d z= space occupied 1by the compressed air. 
* n = distance the air is compressed. 

X = fiwrce existed to compress the iiir ot'the pres- 
sure of the air when conipressed. 
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b + a: : b : : a : d 



a = 



{b + x)d 



b=: 



X d 
a — d 



} 



d- 



a b 
b + X 



n ^ a — d 



} 



} '=^'-'} 



The following Table shows the force of air, when 
compressed at — times, its volume calculated accord- 
ing to the preceding Theorem. 



Times 

the 
volume 


Pressure 
square 


on the 
inch 


Times 

the 
volume 


Pressure 
square 


on the 
inch. 


Times 

the 
volume 


Pressure on the 
square inch. 




Libs. 


Oz, 




Libs, 


Ox, 




Libs, Ox. 


2 


15 


3 


18 


258 


3* 


34 


501 3 


4. 


45 


9 


20 


288 


9 


36 


531 9 


6 


75 


15 


22 


318 


15 


38 


561 15 


8 


106 


5 


24 


349 


5 


40 


592 5 


10 


136 


11 


26 


379 


11 


42 


622 11 


12 


167 


1 


28 


410 


1 


44 


653 1 


14 


197 


7 


30 


440 


7 


46 


683 7 


16 


227 


13 


32 


470 


13 


48 


713 13 



To find the pressure of air at any number of vor 
lumes, is very easy and simple — Multiply the pressure 
of the air, say 15 libs on the square inch, by the 
number of volumes required, then deduct one vo- 
lume for the circumambient atmosphere, or multiply 
15 libs by one less than the number of volumes or 
atmospheres reqmred. 



MISCELLANIES. 



145 



TABLE 

OF THE PROPERTIES OF VARIOUS BODIES. 



BODIE& 



WOODS. 

Ash 
Beech 
Elm 
Yellow & Red Fir 
White do. . 
Mahogany 
EngUsh Oak 
Americ, Yellow Pine 



METALS. 

Cast Brass ... 

Cast Iron..... 

Copper.. 

Malleable Iron 

Hammered do 

Lead.... 
Steel .... 

Cast Tin 

Cast Zinc .... 



s 

o 



I 

8 






0.75 

0.696 

0.544 

0.557 

0.47 

0.56 

0.83 

0.46 




•3 







STONE, &c. 

Brick... 

Chalk... 

Clay .... 

Aberdeen Granite. 

White Marble . 

Porphjny 

Welsh Slate,... 

Portland Stone... 

Bath do 

Craigleith do 

Dundee do 



7.84 
7.291 



Libi, 

47.5 
45.3 

29.3 

35. 

52. 

26.753900 



Libs, 

3540 
2360 
3240 
4290 
3630 
3800 
3960 



8.1 506.25 
7.207450. 
8.75 549. 
7.6 475. 

.... iKrfl. 

11.352709.5 



490. 
455.7 



7.028439.255700 



1.841 

2.315 

2. 

2.625 

2.706 

2.871 

2.752 

2.113 

1.975 



2.621 



115. 

144.7 

125. 

164. 

169. 

179. 

172. 

132. 

123.4 



15.300 
17800 



1500 



2880 



1869° 
3479° 
25480 



612° 



442° 
648 "> 



2.362147.6 



163.8 



18000 
33000 

130000 



93000 



275 



1811 



12800 
857 
478 
772 

2661 



562 
500 

10910 

6060 

35568 

3729 

5490 
6630 



.066 



.0625 
.077 
.0158 
.002 
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TABLE OP THE 


WEIGHT OF CAST IRON PIPES. 




1 


1 


Weight, 


A. 


III 


w«^ 


1 


1 


J 


WldghL 




1 


3ft6 





13 


H 




,J 


3 2 


81 


"i 


T 


9 


7 


8 


8 






3n6 





31 






fl 


* 1 


81 




t 


9 


10 


1 


3 




M 


4ft6 





31 






9 


6 Q 


14 


12 




9 


3 





31 






4ft6 


1 


4 


7 




fl 


2 1 


? 






9 


« 


a 


8 




e 


6 


1 


8 




1 


9 


3 


7 






9 


■? 


3 


80 






6 


2 







f 


9 


3 3 


20 






9 


10 


3 


C 




H 


6 


I 


le 




f 


9 


i 3 


5 


134 
















« 


2 


10 




S) 


e 8 


4 






9 


6 


3 








6 


3 


10 


'i 




& 


3 2 


4 




f 


B 


8 









3 




2 


3o 








:i 1 


6 




9 


11 













1 


6 






9 


4 


23 


13 




9 




8 


20 








1 1 


12 






9 


6 


10 






9 


7 













1 3 


6 




9 


7 









fl 


8 


2 










a 1 





8 




fl 


3 2 


4 






9 


11 


2 






3i 




3 









9 


4 1 


35 


13J 


i 


9 


5 


3 










1 


SI 




9 


5 1 


m 




I 


9 


7 












1 2 


14 






9 


7 1 


10 




1 


9 


8 


3 










2 


S 


Si 






3 3 


2 


1 


9 


11 


3 










2 a 









fl 


4 3 


36 


14 




9 


6 









i 






10 




9 


5 8 


23 






7 


3 










1 3 


12 






9 


7 3 


S 








9 


I 










a 1 


12 


9 




9 


4 











12 












a -3 


21 








5 


4 


I4i 






6 









H 




I 2 


2 






9 


6 


3 






7 


3 










3 


4 




9 


8 


26 








S 


8 










8 S 


14 


H 




9 


4 


19 








la 


3 










3 


31 






9 


6]l 





15 






6 


I 






5 


9 




23: 






» 


6 1 


6 






6 











9 


all 


10, 






9,S 2 


30 








9 


3 








9 


2,3 


17 


10 




Qii 1 


10 






13 


a 








9 


3,1 


24 






9 5 1 


26 




ij 




16 


3 






H 




l|3 


10 






9 6 2 


14 


m 






6 


2 










S,8 









9 9 


B 








s 


1 










3 
3 3 


18 

7 , 


loi 




fl i 2 

9 5 3 


14 

7 








10 
13 



3 










5 


13 






9 7 







ij 




17 


1 






B 




2 


fl 






9 9 3 





i« 






7 













2 a 


21 






9 4 3 


14 






8 


3 










3 1 


17 






flifi 


11 








10 


1 


20 








4 


16 






917 I 


7 






14 













5 a 


20 






fll 9 3 


?0 




J| 




17 


3 






H 




8 


16 


Hi 




9 5 


7 






31 


3 


• 








3 3 


^ 




9l6 1 


12 




2 




29 


3 


31 
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The foregoing Table of the weight of cast iron 
pipes, gives the length of pipe according to the 
diameter of bore, as generally used in practice* 

Diameter of bore in incfaes(. 
Thickness of metal in inches 
Length of pipe in ie6t. 

* It is found to he of great use in making out esti- 
mates of pipes:-^for instance, it is req|aired to know 
the weight of !a. range of pipe» 225 feet long, 7^ 

inches diamet)^r of boVe, and n^tal |ths of an inch 
thick. 

d)2^ 

25 pipes in the who^le length. 

One pipe weighs 4 . d . 22, Wliich multiplied by 25, 
is equal to 104 . 3 . 18, or 5 tduf^ 4 cWt. 3 quarters, 
18 libs, weight pf the whole range. 



The following is a Table of the velocity of Mo- 
tion, for boring cast ir6n cylinders, pumps, 3tc. tfnd 
heavy Turning, with fiited cutters. 

It will be observed, that the surface bored is con- 
stantly the )3ame, 78.54 feet per minute; this velocity is 
found to be the most advantageous: a velocity greater 
than this, not only takes the temper out of the cutters, 
but also causing more heat, expands the metal ; and 
if the machine stops but for a few seconds, a mark 
is lefk from the contraction of the metal. 

Turning has a velocity double to that of boring. 
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I^ABLlB. 





-■ n ■ ■ 


-i 


BORING. 


TURNING. 


Inches 


Revolutions of 


Inches 


Bevtdutions of 


diameter 


Bar^ Minute. 


diameter |ahaft^Minute| 


1 


25. 


1 


50. 


2 


12.5 


2 


25. 


3 


8.33 


3 


16.67 


4 


6.25 


4 


12.50 


5 


5. 


5 


10. 


6 


4.16 1 6 


8.32 


7 


a57 7 


7.15 


8 


^.125 8 


6.25 


9 


2.77 9 


5.55 


10 


2.5 


10 


5. 


15 


1.66 


15 


3.33 


20 


1.25 


20 


2.50 


25 


1. 


25 


2. 


30 


0.833 


30 


1.667 


35 


0.714 


35 


1.430 


40 


0.625 


40 


1.250 


45 


0.56 


45 


1.12 


50 


0.5 


60 


1. 


60 


0.417 


60 


0.834 


70 


0.358 70 


0.716 


80 


0.313 


80 


0.626 


90 


0.278 


90 


0.556 


100 


0.25 


100 


0.50 



N. B. The progression of the cutters may be 
1-1 6th of an inch for the first cut, and for the last 
1.24th. 

If hand-tools are employed in turning, the Telocity 
may be considerably increased. 



J. Niven, Printer, Vkince^ Bbttdk 
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Ad elementary TREATISE on ASTRONOMY $ or, an 
Kwy Intiodnetloa to a Knamhdgtot Uw Hnrcmi intaoded fbr the UmoT 
0KMe who are not modi ooiiTenanC in Mathemalical Studies; with Four 
Mapi of the Conttdlatioiu* and a Plate of the Figures illuitnttva of ttto 
Worlc : Sceond Edition, oorrected and impravad ; 8vo» 9i> boaidi. 
O The celebrity whidi Dr Mylne long enjoyed as a Teadher in Edinhuxf h, 
renders it unneoesuury to say mudi in racommendatlon of these dementuy 
works. — They are the result of long experience s and are distingoished by ooD- 
densation, arrangement, and persj^cuity, whldi render them alike intelUgllila^ 
sTStematic, and oomprehensiTe. They are now genenlly used by some of the 
ablest Teachers in Edinburgh and other parts of Soodand, and are intended as 
a regular series of School-Rooks.— The SPELLING-BOOK, Part First, pre- 
sents a complete view of the General Prindplea of English Prcmundation, ar- 
ranged in sudi a manner as seems best fitted fbr the purposes of teadilnc, and 11^ 
lustmted with copious Exerrises in the ft»m of short sentences, and uttle Sto- 
ries, peculiarly accommodated to the oapadty of diUdren. The chief merit of 
the plan consists in careAiUy excluding, from the exerdaps whidi a c cwnpany 
meh rule, every word which has not been prerioudy expUnad, or whidi doA 
not come under some of the heads Ibnnerty lllustiated. In this way, dmplid(;y 
and consistency are given to the English pronundatioo, without altering the 
•pdUng or disfburing the page, and the learner is freed nom aU those embii^ 
nssmcnts whioi arise fkom the constant reeurrenoe of anomalous words.— Part 
Second contains Stories of greater le^Hi* whidi are intended as jpramiseuoiH 
Exercises upon the preceding rules. "Hie diief anomalies of English pronuoda- 
ticoi are now introduoed, ina placed at the head of eadi dass of Tosonp, in order 
to impress them more steongly upon the mind of the pupIL To the whole aib 
added Notes, in which the author attempts to expldn wKst upcars to him the 
best method of tradiing the rules.— Hie GRABlMAR contains a full and com- 
prehensive view of the difibrent parts of speed), copious Exerdses for parsing 
with explanatory fbot-notes to asnst the learner, and a complete collection of 
Rules and Remarks on Syntas^ accompanied with Exerdses on Cslse Grammar. 
These Exercises are ftiller thui in any other grammar of the same riaej lyr 
which means the expense of a separate nook of eicrdies is saved. This snuH 
treatise is chiefly disonguldied for the dmplidtf of its anaqgement, for tiic bte- 
Tlty of the rules and remaiks, and for conlalniiM a great vanety of lessons pecn- 
Uany calculated to exercise the judgment and Ingenuity of the learner.— The 
QUESTIONS on HISTORY are merdy books of exerdses. They are intended 
to assist the tcadier in examining his pupils, and are peculiariy cawulated to ex- 
cite the attention and exerdae the ingenuity of tbe pupil hinsdf. Baeh ques- 
tion rises out of the preceding ; and care has been tucen to Introduee eray im- 
portant fact; by which means the Exerdses may tw rKardedas a kind of aibrldg- 
ment of the respective histories.— The GEOGRAPHY presents a general view 
of the four quarters of the world, and a minute account of the pvoTroces In each 
Hubdrvlsion, with the rivers, lakes, islands, capes, and hays, peculiar to eadi. 
The whole is prcf ented in a tabiuar form, and Is intended as the materials of 
axh day's lesson. At regular intervals, the more important parts of the praeed- 
ing lessons are presented in the form of questions, or promiscuous exerdses. To 
each section is subjoined a short account of the face of the countrr, the dimate, 
the natural productions, the manulkctures, and commerce, of earn subdividon. 

An INTRODUCTION to the COLLECTIONS for Schook; or, an 

Attempt to supply Proper Lessons to succeed the ordinary Spelling Books ; 

with Efxcrdses m Spelling, by Robert Simpson, Author of " The History (^ 

Scotland," &c. &c. ; Fourth Kdition ; 12mo, Is. 6d. bound. 

'« This work Is intended as the first step after the {tedUng Book, and is cal- 
culate<l to prepare the scholar for works of a higher dass. and at the same tinae 
to perfect him in what he has already learned. The selection of Lessons, and 
the Exercises of Spelling, are made with the discrimfaiatioo of an ezpedoioed 
tutor."— Li/rrary Chronic^. 

BY THOMAS EWINO, 

Teacher qf ElocuHon and Geography, Edtntmrgfu 

1. The ENGLISH LEARNER; or, a Selection of Lenonsin Praae 
and Verse, adapted to the Capadty of the Younger 'Classss of Readers; 
Fourth Edition, improved ; ISmo, Sfc bound. 

ify In the volume now offered to the notice of Teachers, the Extxaets, both 
in Prose and Poetry, are simple and bcautifti], and remarkable for tenwmsss 
and purity of sentiment They likewise possess die reetmimendation of no- 
velty, as the greater part of them have never appeared in any other compilation 
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ARITHMETIC AND MATHEMATICS. 

A C0KCI8B SYSTEM of PRACTICAL ARITHMETIC, a^ted 
to the Ute of Schools i contAlning the Fundamental Riilef, and their appUca^t 
•totbepnrpoaciof MereantileCaleulatlons; ViUwandDeehm^Fneuonajthe 
Vowen and Roots of Numben. Progresdons, &c. To which arc added, the 
.Mensunition of Artincer>' Work> 6^. ; by A.- Melrose, late TMeher m Bdto- 
buivh ; refiaad* oorrected, and greatly enlarged, and better adanted to modem 
PractJoe, by A. Ingram, Mathematician, Letth : Fourth Edition, improveil, 
ISmo, 8s. bound. * 

t3r The PttUiihert agun rabmh thti Work to pnbUc notice, not merely ss sa iatm* 
dttctfoa contalaiof the mnst tfanple and nief ul Principles of Arithmetic^ thsu^ its prSce 
and i8a» .auy seem to promise nothing higber, but as s complete Treatue, compreknd' 
itiff evt^ niinf aeccMuy fbr cnsbhog the Pupil to become master oc this valable 
Science. The Marions Rules src so arrsnged as to reflect U(|it on esdi othtf, without 
the'iieDStdtf of a separste nd fuller ex^lnstioa. Manv new and easy methods of cal* 
cnhdOB areiasodiiced, not to be found in any other wore : and the unprecedented avm- 
bar and ^radiety of Qnesdoas subjmned to csch branch will afiord a singnlsr fadlicr to 
the Teacher in conducting his SchoUurs, and to the Pupib thcmsdves in ondentaamog 
and applying the Rules. 

Erery attention has been paid to the accuracy and neatness of the Work, ; and the Pub- 
lishers confidently hope, that it will be found possessed of every quality reqiurite v^ a 
Text Book. 

A KEY to INGRAM'S ENLARGED EDITION of MELROSE'S 

ARITHMETIC ; containing Solutions of all the Questions in that Work; tiy 
A. Ingmm ; ISmo, 3s. bound. 

A CONCISE SYSTEM of MENSURATION ; adapted to die Use 
of Schools; oontaining Algebra, with Fluxions ; Practical Reomctry, Trigone 
metnr. Mensuration of Superficies and Solids, Land Surveying, Gauging, &«. ; 
together with a large Appendix, containing the Demonstrations of the Riifes 
in the Work ; by A. Ingram, Mathematician, Ldth, Author of *' Elements of 
BueHd," an Improved edition of " Melrose's Arithmetic,'* drc. &e. ; ISmo, 
4s. 6d. bound. 

** Mr Ingram is tlie author of several Mathematical Works of conslderabls merit. 
He possesses s haroy talent of rendering abstruse sabiects inte1Ii|;ib*e, and by thus 
smoothing the hills of science, ensbling students to pass doirn them, not only witn rspi> 
(UtVfbiu with case. The present w(vk on Mensuration, which embraces also Algebra 
ana Fluxions^ is an excellent elementary treatise, which cannot be tuo strongly recom- 
mended." — Literary C/tronieU. 

** A ConcUe Sp$tem qf Mensuration, adapted to the Use qf Schools, by Mr 
Alexander Ingram of Lcith, is entitled to 6ivouraUe mcatitm. It embraces the theory 
and practice in such a manner, that they may be taught either separatdy or eoi^joimly ; 
and the several rules are expressed in language remarlubly dear and intdUgMe, and Il- 
lustrated by very appn^iriate examples, so that the volume presents, in a very small com- 
pass, a complete system of the science."— Mon/A/y MagaJAne. 

** The duracter of the whole woikhi that of cleameu, and as it contains a comdlatiea 
of the dements of so many useful and connected sciences, it is better as a School Book 
than so many separate introductions upsn each science^jprovided at least that the sdmlv 
is intended for a profession which requires Geometryj Trigonometry, Algebra, and Lo- 
garithms, to be followed by Mensuration, Snrveymg, Gauging, and Meararbg die 
Work of Artincers."— £« rooean Ma^vine, 

*' Oar resdas, perhaps, will be at a Toss when they have perused the above <it1^ to 
conjecture why uie author has chosen to cell his work ** A Concise System of Mea- 
suration," 'ince it would have been more appropriately denominated A Concise Course 
of Practical Mathematies, which its contents would very well hsve borne out. We 
£sve formerly had occasion to notice Mr Ingram's Elements of Euclid, which we have 
always condaered as one of the best of our English translations of that work ; and we 
are glad to be able to say, in the present instance, that the author has by no aseahs 
given us reason to think more lightly oi his talents for concise and accurate illustrations. 
—The author has found the means of comprising, in a small compass, much that is jise<' 
ful ud valaable to the Praaical Mathemancian.*'— Moiif A/y Review. 

.— «** Upon the whole, we consider diis book to be. In point of practicd utility, un- 
rival ledaand earnestly recommend it to the notice of oar nnmerous readers as the fittest 
work we have seen for being put into the hands of students in Mensnratiqp.*'— iM r* 
chanieti' Magai^ne. 
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£LEMBNTS of GEOMETRY and TRI60N0M BTRY x wkk 

MdofdMLcRlMoniQMttr, lad of tke llofil SpcMm of Lfladoa nd rr I i i 
&c EdkaA W I>«viA BreweKer; LL. D. F.R.8. L.. awl 8eci«tmn» ^TlSf 
Socktr of Edhbw^ frc &c Witk Not« aad AUUoml a^Tu IbtaAM 
CktpMT <n ProportiM ; Sro, with Wood Cut*, lOk 6d. botxda. ^ 

IV piwMt (nMladon of L^endre*« Eloatatt of Geooetrr, tko oalr ok 
Mtkerto pnbSriwd in dik coantnr, u brougbt ont under the nncdon of its flhuulwiM 
thar,wlK} kit b n ov ti the Editor with Tirioui flOKesdons Cor Its tmnffncini. ml 
. with tome addhtoni to the Notes. The popnlnnty ud ezoeOeace of tUiirafcae 
uniTentUy ncknowledfed. It hu already gMe duoafh elerea ku(« liiiiii i wiini ■ 
France, and hat been considerad, by the first mathenuusdau of die ngcmt the moit 
comd^ and peifect Ete aentar y Work on Geometry and THcoBomctry.' 

**ThecaaMfiience hat been, a aeriei of treatiaei, mjom of them voy inferior W 
oadnaUy improvittf , «o w recen/^y, in the hands qfLegtndre, to have readii * 

geom4Ur.''-^Edbtbur^ Review, Vol. XJL p. 80. *' 

"Tomchatareeiitennf on the study of geometry, we woold recoomcnd ny<f the 
following works x—Simpcon*! Eadid, Pli^liir's Geometry, Le feadi ^» GMmcnr 
Leslie's Oeometry. Indeed we wonld recommend die perusal of I«egeadf«^ wotfc «n 

any of the others. We hare drieliy kept it is view in drawing up the fbUoiHaffartide.'' 
— l4rlic/« Geometry in the Edinburgh Encyclopadia. * 

" There is one, lioweTcr, whidi we must particniarlj mentian» onaccoaatof Itscrat 
cxcdfence, and tlw use we have made of it in tlie system we are now to prcsent to o« 
readers. It is that of Mr Leeendre. which we consider as the most complete and «z- 
teoslve that has yet appeared.'*'— vdrttcfe Geometry in the EncjfdopeedtaBrUaniiika. 

A KEY to 6RAY*S INTRODUCTION to ARITHMETIC; 

cnntabinf the Solutions of all the Questions ia that Work ; by J. Wallaee s Ae 
Third £ditioa, carefully revised and corrtcted, with the addidon of a few Notes and 
Cootracdons, by T. Scodaad; ISmo, 2a. bound. 

An INTRODUCTION to ALGEBRA; in whidi the Fundunental 
Rulea are dearly demoiiatrated, and the whole rendered eaay and fc«win«> (q 
every capacity ; widi aa Appendix, fontafaring the Solutiona of <hw hnadred 
Algeibndoal Queationi; tay Robert Sharp, Teaeherof MathenmticR, lidl^NuA: 
12mo, 38. 6d. bound. 



MUSIC. 
PSALM and HYMN TUNES, selected firom the most appioved 

Composers, adapted to die various Metres now in use, and arraaged for Four Voices, 
with an Organ nr Piano-Forte aocompaniment ; to which is prefixed, a dear and easy 
Method otinidatiagthe 8<telar in the Ru^meats of Music; by Robert Gale, 
Tender of Music ; TUtd E^don ; 3s. sewed. 

O From the variety, extent, and dieapnets of ^s CoUacdonF-from die long expe* 
rieace and cstabUshed reputation of tlie Compiler, both as a Tocal performer and as a 
teadier of Music— «nd from tlie approbadon alroidy bestowed on u by many embent 
profeasiimal gentlemen, to whose rcfvisal tlie ma n uscript was sobmitted, the PubUsliers 
flatter themselves tliat this Pmlmody win prove equsiUy usefiil and utoestbg to the 
, Adailrers of Sacred Music. 

PEATTIE'S SELECTION of PSALM and HYMN TUNES, 

adapted to the varioas Metres used in the piinripal Churches, Chmiels, and Dissent' 
ing Congregations in Scotland : to whid is prefixed, a Compendious latroductinn, 
with some useful Scales and Examples, calculated to proaiote the improvement of 
Sacred Muiic. In three parts ; arranged for the Voice and Kano- Forte ; Sixth 
E^on; 8i« 6d. sewed ; or widi Supplement, 5$, 6d. 

The IMPROVED PRECEPTOR for the German Flute, wherein 




ftogressive Keys, caKuteted to enable the learner to acquire a diorough knowledge 
of the German Ftvte ; by H. P. M'Leod, Professor of Music in Edbburgh ; Ss. 6d. 
aeweda 
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